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1. Introduction

A number of contributions have proposed signalling procedures that require UEs with particular MBMS services activated to respond on the RACH. Each of these proposals recognises that a mechanism is required to regulate UE RACH access times so that overload of the RACH is avoided. This paper describes an approach for regulating RACH access based on an exponential backoff mechanism in the UE. 

2.   Discussion

It is possible to identify a number of constraints that are placed on the mechanism for regulating the RACH access: 

1. the number of UE in the cell is small. It is desirable that all should make a response within the defined time that is available for the RACH access procedure. Consequently, it should be possible that all UE can be triggered to respond within a known time interval T.

2. the number of UE in the cell is not known. It should be possible to control RACH access so that only a small fraction respond at first (threshold), but the fractional rate can be increased if it is found that the rate is lower than the RACH can support.

3. the number of UE in the cell may be too large to permit all to respond within the time available, T. The signalling protocol associated with the RACH access should enable the stopping of UE RACH access before time T is complete.

2.1 Method for Controlling RACH Access

With this method, the UE calculates a backoff time interval based on a time-delay probability distribution. The network can control the rate of access through the setting of parameters for the distribution function.

When the number of UE within the cell is not known, a uniform time-delay distribution is not suitable. However, by using a non-linear time-delay probability distribution, the rate at which UE respond can be increased with time over the time period T. This can ensure that all UE can respond within time T, but the initial rate will be low. If there are a large number of UE in the cell responses could be stopped via signalling (e.g. stop command within MBMS notification). 

One backoff time-delay distribution that fulfils this requirement is the following:
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where p(t) denotes the probability that a delay time t is selected, T denotes the maximum delay time permitted, and x is a parameter that controls the rate of change of probability with time.
An equivalent example for the case where the time interval T is sub-divided into n, equal length, sub-intervals (e.g. UMTS transport time or 10ms intervals) is the following:
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where p(j) denotes the probability that sub-interval j is selected (j = 1 denotes the shortest time delay) and q is a parameter that controls the rate of change of probability with sub-interval.

Parameters of the distribution, x and T or q and n or T could be signalled with the MBMS notification or could be broadcast in the cell. 

The principle is illustrated in Figure 1. 
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Figure 1. Illustration of rate of response as a function of time

Where less than the threshold number, NT, of user equipments are present in the cell, all should commence the transmission procedure within time T, this is illustrated by the line terminating at N1. Where there are greater than NT user equipments present then transmission will be terminated when the threshold number, NT, of responses has been received.

Implementation of such a backoff mechanism in the UE can be simply achieved by:

· At the start of the process the UE selects a random number r,

· Each time step, , a comparison is made with the next threshold xj,
· If r exceeds the threshold xj then the UE commences RACH access at a time uniformly distributed over an interval .

· If a stop command is received before the RACH transmission has been made, the UE does not transmit on the RACH.

For the distribution function in (2) above, the threshold values will be given by the formula:
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The structure of the backoff procedure is illustrated in Figure 2. 
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Figure 2. structure of the backoff mechanism in the UE

3 Conclusions

In this paper a method for controlling RACH access for MBMS has been identified. It is proposed that the exponential backoff mechanism should be investigated further as one solution to avoid RACH overload.
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