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1 Introduction

In the last RAN2 meeting it has been recognised that a mechanism is required to regulate UE RACH access after MBMS notification that overload of the RACH is avoided. This paper describes two methods for RACH access control and indicates the additional functionality required in the UE and the network. 

2 Discussion

2.1 General

In order to enable that UEs can be maintained in idle mode, it has been proposed that the network can use the MBMS group notification to identify whether the number of UEs in the cell, requiring a particular service, exceed a given threshold. For this purpose a number of idle mode UEs can be requested to establish an RRC connection which enables a choice of ptm or ptp bearers or no bearer to be setup.

Because the number of idle mode UEs that may respond on RACH after an MBMS group notification is unknown, but could be large, a mechanism is required that regulates UE RACH access times so that the RACH does not become overloaded.

The requirements that the RACH access control mechanism must fulfil are:

· Ensure that a threshold number of UEs, or all UEs if there are less than the threshold number present, can successfully respond on RACH within a defined time period. 

· The RACH should not become overloaded even though the number of UE that should respond is large.

Mechanisms for RACH access control that fulfil these requirements can be based on the following principles:

· The rate at which UEs access the RACH after a group notification increases with time. A very low response rate at the start of the access interval prevents RACH overload if there are large numbers in the cell, but enabling responses to be received from all UEs within a defined time period (T).

· An RACH access can be stopped after a threshold number of responses have been received.

In figure 1 an example of an exponentially increased RACH access rate is illustrated. The blue (dotted) line describes a scenario where the number of idle mode UEs is below the threshold. The red line describes a scenario where the number of idle mode UEs is above the threshold and the RACH access is stopped after a threshold number of responses have been received.
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Figure 1. Illustration of the response rate as a function of time (Pi)
There are basically two methods for implementing such an RACH access control mechanism:

1. Network based method:

Here, the network is able to dynamically control the rate at which UEs respond on RACH by transmitting an access probability parameter that define the fraction of UEs that should have responded by the end of the time interval (. This probability can be increased with each new time interval. The network stops RACH access when sufficient responses (threshold) have been received by explicit signalling.

2. Terminal based method:

Here, the UE determines autonomously when it respond on RACH based on a pre-defined access probability distribution function Pi that define the rate of UEs that should have responded within a certain time T. The pre-defined distribution can be controlled by the network. The RACH access automatically stops when time T has elapsed or by explicit signalling when the network has received sufficient responses (threshold).

2.2 Terminal Impact

Both methods are based on the same principle, the main difference is the location of the control logic for the RACH access (network or terminal). The terminal based method can be implemented on the UE side either by calculating the access probability (xi) at begin of the access period or as a discrete step process (time interval . If the discrete step process is adopted, then the UE behaviour for the network based method and the terminal based method are similar. The only difference is, that in the network based solution the probability parameters are signalled by the network, whereas in the terminal based solution the parameters are calculated by the UE. Both methods are illustrated in the following figure:
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Figure 2. UE behaviour for the network based (left) and the terminal based (right) method.

In the network based method, the UE selects an uniformly distributed random number, r, and compares this with a succession of access probability parameters, xi, (where i = 1,..,n) signalled by the network. When r is less than a probability parameter it arranges to initiate RACH transmission within the next time interval, . The procedure terminates when the UE performs a RACH access or receives a ‘stop’ command.

In the terminal based method implemented by discrete steps the procedure is similar, except that at each sub-interval time, , the UE compares the random number, r, with an internally calculated probability parameter xi. The probability parameter is equal to the i-th value of the cumulative delay distribution function P(i) where i = 1,..,ndenotes the number of elapsed sub-intervals and n is the maximum number at which point P(n) = 1. The time interval T = n is the maximum length of the counting period. An example for a distribution function is P(i) = (qn-i – qn)/(1-qn) where the parameters q, n,  are defined and signalled by the network. The procedure terminates when the UE performs a RACH access, receives a ‘stop’ command or when time T has elapsed.

2.3 Comparison of the network and the terminal based method 

Based on the discussion above the following table identifies differences and similarities between the two approaches to prevent RACH overload. However, it does not take into account the times required in each of the methods to identify the number of idle mode UEs present in the cell.

	
	Network based
	Terminal based

	Principle of mechanism prevent RACH overload
	Increase RACH access rate within time
	Increase RACH access rate within time

	Characteristic of mechanism prevent RACH overload
	Through appropriate setting of probability parameter values by the network and ‘stop’ command
	Through appropriate setting of parameter values in distribution function and ‘stop’ command

	UE functions
	UE compares a received access probability parameter (xi) with a random number (r)
	UE calculates access probability parameter (xi) according to a pre-defined access probability distribution function (Pi) and compare with a random number (r) 

	Network functions
	Network calculates/defines an access probability parameter (xi) which is explicitly signalled to the UE
	Network defines parameters (q, n,  ) to control the access probability distribution function (Pi) in the UE which can be signalled to the UE

	Control information
	UE needs to periodically receive information in order to control the process (xi and ‘stop’ command)
	UE may receive information to control the process (q, n,   and/or ‘stop’ command)

	Standardisation relevance
	Access probability parameter needs be standardised.
	Probability distribution function in the UE and control parameters need to be standardised


3 Conclusion

In this paper two alternative methods for controlling RACH access for MBMS have been presented. It appears, that the two approaches require a similar level of complexity in the UE and in the network. The network-based access control scheme seems to offer more flexibility and has a reduced need for standardisation. However, it is shall be noted that the performance and the signalling effort (e.g. frequency of sending the probability factor xi) related to the two different RACH access control algorithms has not been investigated. Therefore, it is proposed that both approaches should be the basis for further studies and that the text proposal in the annex is captured in TS 25.346.

Annex

Proposal for section

5.1.4 RACH Access Control for MBMS

There are basically two methods for implementing an RACH access control mechanism for MBMS in order to avoid RACH overload:

1 Network based method:

Here, the network is able to dynamically control the rate at which UEs respond on RACH by transmitting an access probability parameter that define the fraction of UEs that should have responded by the end of a time interval . This probability can be increased with each new time interval. The network stops RACH access when sufficient responses (threshold) have been received by explicit signalling.

2 Terminal based method:

Here, the UE determines autonomously when it respond on RACH based on a pre-defined access probability distribution function Pi that define the rate of UEs that should have responded within a certain time T. The pre-defined distribution can be controlled by the network. The RACH access automatically stops when time T has elapsed or by explicit signalling when the network has received sufficient responses (threshold).
The following table identifies differences and similarities between the two approaches:
	
	Network based
	Terminal based

	Principle of mechanism prevent RACH overload
	Increase RACH access rate within time
	Increase RACH access rate within time

	Characteristic of mechanism prevent RACH overload
	Through appropriate setting of probability parameter values by the network and ‘stop’ command
	Through appropriate setting of parameter values in distribution function and ‘stop’ command

	UE functions
	UE compares a received access probability parameter (xi) with a random number (r)
	UE calculates access probability parameter (xi) according to a pre-defined access probability distribution function (Pi) and compare with a random number (r) 

	Network functions
	Network calculates/defines an access probability parameter (xi) which is explicitly signalled to the UE
	Network defines parameters (q, n,  ) to control the access probability distribution function (Pi) in the UE which can be signalled to the UE

	Control information
	UE needs to periodically receive information in order to control the process (xi and ‘stop’ command)
	UE may receive information to control the process (q, n,   and/or ‘stop’ command)

	Standardisation relevance
	Access probability parameter needs be standardised.
	Probability distribution function in the UE and control parameters need to be standardised
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