3GPP TSG-RAN WG2#55
      R2-062845

Seoul, South Korea, 9th – 13th October 2006
Agenda item:
12

Source: 
Siemens

Title: 
Backoff in LTE 
Document for:
Discussion and Decision

1
Introduction

One of the issues that was left open at RAN2#54 was the role of backoff procedures within LTE RACH access. This Tdoc identifies issues that may need to be considered to close this topic.

2 Discussion
Backoff mechanisms distribute the load on RACH resources by requiring a UE to apply a randomly generated or fixed delay before utilising RACH resources. In UMTS, the delay procedure is applied before each access attempt including re-attempts following failure. The delay calculation is based on an access class dependent probability factor. The network is able to control the probability factor dynamically using SIB 7. In addition, in the case a UE receives a Nack on AICH an additional time delay (backoff time) is applied 

Overload free operation in LTE:

For LTE, emphasis has been placed on minimising access delay and consequently it could be viewed as important to avoid inserting additional delay into the RACH procedure except during those circumstances where its use is necessary to prevent RACH blocking due to overload. 

For normal operation it could be expected that the RACH will be lightly loaded. Furthermore it could be argued that events that trigger RACH access i.e. transition from detached state, paging response, UL data transfer, handover and tracking area update are sufficiently random, relative to the spacing of RACH opportunities (signatures available) which could be 10 or 20ms, for further randomisation to be of no value.

Based on the above observations it is proposed that: 

The default situation is that UEs do will apply random backoff before attempting RACH access either for first signature transmission or subsequent signature transmission.

The case of large groups of UEs travelling together across tracking area boundaries could be viewed as a case where introducing some random delay into RACH access could be beneficial. Whilst different UE internal behaviour might mean that overload does not occur, it is suggested that if a rapid response overload recovery mechanism exists then it may be better to accept occasional overload and recovery for these possibly rare and unpredictable situations than apply back-off procedures in general as a safety measure.

A further case where RACH access clustering may need to be regulated is MBMS counting but it is proposed that this would be best controlled by MBMS procedures.

Overload operation:

It cannot be expected that RACH overload will not occur and given that UEs failing to achieve access will attempt to use in successive RACH opportunities some recovery mechanism that can reduce the RACH load appears to be necessary. A short time to implementation also appears to be desirable.

A recovery mechanism implies that either certain classes of UE access are temporarily barred, or UEs are required to implement a random delay before attempting to use the RACH again.

Two detection points can be identified, the UE and the eNB.

Overload detection in the UE:

A UE may be aware of problems with RACH access either because:

· It does not receive a response to its signature transmission.

· It detects contention at the contention resolution stage. 

In the case that it fails to detect a response this might be an indication that congestion is occurring but it is, perhaps, more likely that the cause is not overload for example, it transmitted with insufficient power or failed to detect the signature response. Consequently, it is suggested that a failure to detect a signature response should not result in the UE applying backoff procedures to subsequent transmission attempts. 

In the case that it detects a contention, this is a stronger indication that the RACH is overloaded but it is not conclusive. The RACH could be free of overload but active enough for the contention to occur. Two successive contention situations however could be a strong indication of overload. It is suggested that a single incidence of contention may not be sufficient grounds for a UE to apply backoff to subsequent RACH attempts.  

From the above it is suggested that eNB control of overload recovery may be a preferred route for LTE.

A UE may be constrained to making at most a maximum number of unsuccessful RACH attempts before reporting a failure to a higher layer. It could be discussed whether a detected congestion should be included in the failed attempt count. 

Overload detection in the eNB:

It is suggested that an eNB should be able to detect a RACH overload situation when a high proportion of the signatures are detected as active. In addition the eNB may need to regulate the rate at which RACH attempts are made if it is unable to service all of the access attempts that it detects.

An eNB detecting an overload situation could trigger a recovery procedure. It is suggested that a strong candidate for the recovery procedure is the probability factor generated random delay principle that is used within UMTS because it would enable:

· Variation in the delay introduced controlled by the probability factor.

· The probability can be configured to be access cause and/or access class dependent resulting in, for example, handover and UL/DL data transfer causes to implement less delay than tracking area updates.

One possible negative aspect of using a simple probability factor is that it does not set an upper bound on a UEs access delay as would, for example, a fixed length backoff time. This could be an important factor to consider. It might be possible to alleviate this situation if required by applying different probability rules to first and subsequent access attempts.  

In UMTS there is two components to backoff control. In addition to the BCCH controlled random delay the AICH channel can indicate to a particular RACH applicant that it must apply an additional backoff delay by signalling a Nack.

It is not known here whether the specific requirements that lead to the introduction of the AICH Nack exist for LTE and, if so, whether a similar procedure executed through the signature response signalling is required. The procedure is applied when the network has detected the signature phase and does not wish to progress the access at the point in time. This is consistent with the network not being able to service the request. The response is to apply a fixed backoff delay rather than a probabilistic one.

One possible advantage of the method over probability-based schemes is that the delay is fixed in size rather than being open ended. Is this of importance in LTE?

Signalling of overload control:

If the eNB decides to implement RACH overload recovery an important factor is how quickly its application can be indicated to UEs. 

It could be argued that for maximum effect the eNB should be able to activate control before the next RACH event so that if overload is detected it can immediately take corrective action. Longer delay in activating recovery will continue the degraded condition However, RACH signatures may be available every 10ms and consequently this would be a demanding requirement.

The natural bearer for transmission of overload control parameters and enabled/disabled indication is the BCCH. It seems fortunate that the time interval being proposed for the static part of the BCH is of the same order as the suggested interval between RACH signatures. If the static part of BCCH were to contain, for example, an indication that backoff should/ should not be applied and any relevant parameters then requiring that a UE should read the static BCH and apply the backoff rules before attempting to use the signatures appears to be a simple solution. The size of the data field required becomes important.

The period for the static part of the BCCH then becomes important because BCCH availability will define the delay before recovery can commence.

Conclusions

In this Tdoc the issue of backoff procedures in LTE RACH access has been discussed. It is proposed that RAN2 should consider whether:

· A mechanism whereby backoff procedures are applied only when a recovery situation is detected by the eNB is a correct way forward for LTE.

· Whether a probability factor based random delay mechanism, possibly selectively applied to particular UEs and access causes would be the appropriate way forward for overload recovery in LTE. Is something similar to the UMTS AICH Nack required.

· Whether BCCH transmission of overload control will be fast enough or whether alternative signalling should be investigated.

