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1
Introduction

This Tdoc provides some further analysis of the use of RACH access control (back-off) signalling in LTE. It is concluded that it may be possible for access control to be restricted to a single probability based mechanism although this would depend upon a number of issues and it may be too early to make final conclusions.

2
Discussion

At WG2#55 the topic of RACH access control was discussed for the first time and the following decision points were identified:

· Is a Nack response capability (possibly with cause) required in message 2,

· Is a back-off mechanism required,

· Is a probability factor random delay mechanism suitable?

To this here is added how fast should changes in the back-off mechanism parameters be signalled and detected by UEs attempting RACH access for the mechanism to be effective.

Nack Signalling:

The use case for Nack signalling is believed to be the following. The eNB would indicate Nack if it was able to detect that a signature had been used and, for some reason, it was not able or did not wish to provide resources to continue the access procedure. 

It is not known, at this stage, whether circumstances that would require an LTE eNB to respond in this way will exist but it is proposed that they cannot be excluded.

Nack signalling can be viewed as having the following characteristics:

· It is delivered to a UE relatively quickly in message 2 and can be acted on by the UE accordingly. If the UE implements a back-off timer as a consequence it is quickly prevented from making repeat RACH access attempts.

It is assumed here that message 2 is transmitted between RACH signature events and that, in the absence of back-off, a UE that fails in an access attempt will retry at the next event.

-
A UE that detects a Nack for a signature that it has used could, in principle, receive an indication that its signature was detected so that, should it be operating power ramping, it could conclude that further power ramping is unnecessary. Similarly, it need not count the access attempt as failed for the purposes of max attempts testing. However, this cannot really be relied upon because two UEs may have simultaneously used the same signature.

Nack signalling appears, therefore, to provide a fast response mechanism for reducing overload by delaying repeat attempts by UEs whose signatures were detected. It does not, however, accommodate UEs that are making a first attempt or whose signature transmission was not detected.

The size of the Nack signal may be significant. If the number of signatures that require a response is large e.g. approaching 64 then the message size could be large if each signature is to be individually identified. 

Back-off control - eNB:

The concept assumed here is that an eNB that detects that it is in a RACH overload situation can signal that UEs attempting to access RACH signatures should apply some procedure that distributes the access attempts in time thereby alleviating the overload condition. The procedure used in UMTS is for the UE to apply a probability factor test to determine whether it should use a particular RACH opportunity or skip to the next and re-apply the test.

The procedure is different from the Nack mechanism: 

Firstly, it can apply to all UEs whether they are making a first attempt or a subsequent attempt after failure, although different rules or parameters could be applied in each case. Different rules or parameters could also apply dependent upon the access cause. 

Secondly, parameter transmission may not be directly synchronised with the RACH signature opportunities, for example if in LTE control parameters are transmitted on the dynamic BCCH the update rate may be much less frequent than the occurrence of RACH signature opportunities so that the rate of adaptation to sudden onsets of RACH overload may be slower than for Nack signalling.

Two use cases are identified for the inserting of a delay prior to RACH access:

Firstly, it can be used to distribute access attempts so that a load burst resulting from, for example, groups of UEs crossing a tracking area boundary together are dispersed in time. It is suggested that this should not be applied in the case of LTE where minimising access delays in normal operation is required.

Secondly, it can be used to disperse load when the eNB detects that an overload situation occurs. It is suggested that the eNB may be able to detect overload through high signature utilisation. UEs that attempt access are required to apply a random delay before attempting access. The delay may be cause or access attempt number dependent. It is proposed that this use case does apply to LTE but a critical factor could be the speed of implementation. 

Back-off Control – UE detected:

It is possible that the UE could detect that an overload situation when a contention is detected. However, it is suggested that contention detection may not be a reliable indicator of an overload situation and backoff by a UE detecting contention is unlikely to resolve an overload situation. For these reasons it is suggested that UE detected backoff is not used.

A Single eNB Backoff Mechanism:

It is suggested that in normal circumstances a correctly dimensioned LTE RACH should be loaded at a level that is below overload and that in these circumstances the use of a backoff procedure to force UEs to apply a delay before RACH access would be inappropriate. 

However, it is also suggested that an overload control mechanism is required to minimise the duration of the period of degraded access when an overload conditions occur. In addition it is argued that the speed with which the application of backoff or changes in backoff parameters can be indicated to UEs should be as short as possible. A time delay of the same order as the inter RACH signature opportunity interval could be regarded as optimal allowing backoff to be applied as soon as overload is detected.

It follows from the above premise that the backoff signalling method is of central importance to successful implementation. Two possibilities are identified:

· The backoff parameter(s) are signalled in the L1/L2 +DLSCH resources that are allocated to message 2 transmission. Alternatively, an L1/L2 + DLSCH resource dedicated to backoff but transmitted in the same window could be applied.

· The static part of the BCCH which is believed to have a repetition period of a similar order to RACH.

The L1/L2 + DLSCH option is thought to be preferable because a UE that is accessing RACH resources will receive this information field as part of the access mechanism. This will provide the backoff control parameter that applies for the next RACH event. Absence of the backoff information element would indicate that no backoff should be applied, the normal operating condition. The requirement to receive the message 2 field before attempting to use the next RACH signature opportunity could be omitted for first access attempts if the 10ms or so delay that is incurred is deemed unacceptable.

If the backoff parameters are signalled with message 2 then it could be questioned whether both Nack and backoff are required. It is suggested that there is little to be gained from identifying that certain signatures have been detected. If a UE interprets the attempt as a failure it will try to access the RACH at the next opportunity. Given the uncertainty that a Nack relates to a particular UEs access attempt to use the Nack as an indication of a correct power level seems to be dangerous.  If backoff parameters are signalled, these will be applied by the UE creating a similar delay for the access to that which might be applied following a Nack. 

Consequently, it is suggested that there should be only one backoff procedure operating i.e. Nack signalling is not implemented. 

It is possible to identify a number of levels at which backoff parameters could be signalled e.g. 

· Just an indication that backoff applies with default parameters indicated on BCCH.

· Backoff parameter e.g. probability factor either a single value (with scaling factors per cause indicated on BCCH) or a per-cause backoff parameter. 

Investigation of the optimum capacity of the signalling channel will guide what is appropriate. 

Parametric Control:

The following options for the parametric control of the back-off procedure are identified:

· The UE calculates a random time delay, for example uniformly distributed between T1 and T2.

· The UE applies a probability factor at each RACH signature opportunity to identify whether it is permitted to attempt access at this time.

These methods effectively provide a means of distributing RACH load in time. Different parameter values may apply for different access causes. In addition there is the option of temporarily barring access for certain causes which can be viewed as a zero probability factor.

The use of a probability factor has the advantage that it can be revised at each RACH opportunity, but it has the disadvantage that the time delay that results has an exponential distribution whereas a uniform distribution may be preferred. It may be desirable to ensure that the time that a UE waits before it can use attempt access has a defined upper limit. Investigation may show that this is possible in conjunction with a use of probability factors.

On balance it is suggested that the flexibility of the probability factor option may make it the preferred solution although further investigation seems necessary. 

3. Conclusions

In this Tdoc it has been proposed that:- 

· The backoff procedure for LTE RACH access should take the form of a single procedure rather than separate Nack and backoff components. 

· To minimise the delay between the detecting of an overload situation in the eNB and UEs receiving revised backoff control parameters, they should be signalled either within the resources assigned for RACH signature responses (message 2) or in a similar resource dedicated to backoff. The static part of BCCH may provide an alternative location. Absence of a backoff parameter set could indicate that no backoff applies.

· UEs would receive the message 2 field relating to one RACH signature opportunity to identify whether backoff applies to the next and if so its parameters. 

· Probability factor(s) may provide the preferred backoff control mechanism although this requires further investigation. Different factors and application rules may apply dependent upon access cause and the time (number of elapsed RACH signature opportunities) since access was last attempted.  

