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1
Introduction
One of the open issues identified for the RACH procedure is whether a backoff mechanism is required and, if required, what form it should take. The topic was discussed during WG2#57bis [1] but no conclusion was made, the topic being left for stage 3. This Tdoc represents the issues involved and proposes that a RACH signature backoff mechanism should be included in the specification and that it should be based upon backoff parameters being signalled with msg 2 when required. In non-overload condition, no backoff parameters would be signalled.

2
Discussion and Proposals

2.1
Non-overload Condition
It is intended that UEs should be able to complete RACH access as quickly as possible. Consequently, in contrast to UMTS, it is proposed that under normal circumstances (non-overload condition), a persistence check before transmitting a signature is not applied as follows:

Proposal 1: A UE should transmit the first signature for message 1 in the next available RACH opportunity,

Proposal 2: If no response is detected in message 2, the UE should transmit subsequent signatures in consecutive available RACH opportunity.
Here the term available means that the RACH opportunity contains signatures for use with the access conditions that apply to the UE e.g. dedicated signatures or non-dedicated signatures and the RACH opportunity is after the msg2 response window for the previous RACH opportunity that was used.  

Furthermore, in normal operation RACH can be expected to be loaded to a level where the frequency of contention in signature use is low, possibly of the order of 1.10-2. Should contention occur, it is unlikely to be repeated at the next RACH attempt and therefore, it is proposed that the preferred solution, under normal operating conditions, would be:

Proposal 3: If a UE detects contention after message 3, it should restart RACH access via signature transmission at the next available RACH occasion.

It should continue power ramping in the normal way. Whether the UE should include its count of the access attempts would need to be decided. The suggestion here is that it should not.

In summary:
Proposal 4: No persistence test and backoff operation is applied in normal random access operation (non-overload condition).

And although well understood the following additional rule is stated for completeness:

 Proposal 5: When contention access is in progress the signature used is re-selected for every random access burst.

2.2
Overload Conditions

It is debatable whether LTE RACH will always operate in a benign environment or whether from time to time it is subject to increased RACH loading that degrades operation at the signature stage. Such degraded operation could be reflected in:

-
There is increased contention in signature selection above the target level

· eNB may not be able to respond to all of the signatures that it detects.

In the case of the eNB being unable to respond, it is proposed that there should be no Nack signalling and therefore the assumption is that these UEs will assume that the signature has not been detected and count this as a failed signature transmission. 

Below three approaches are discussed: 

Approach 1:  There is no special procedure applied, normal operation continues.

If there is no mechanism for controlling RACH access in overload then standards are simplified and a test requirement would be removed. However, it would mean that the network would have no mechanism available to respond to overload conditions should they occur, other than the introduction of additional RACH resources, which would be a relatively slow procedure.

Possibly the two most significant issues are how much additional delay is introduced by detecting contention i.e. waiting for msg4 and what is the probability that contention prevents any of the signature users achieving access i.e. msg 3 is not received satisfactorily. If the delay resulting from proceeding to msg4 is not dissimilar to the inter RACH opportunity interval, and if the capture effect were to ensure that there is a high probability that contention does not prevent one UE succeeding at msg3, , the overall effect of doing nothing may be similar to that which would occur to UEs introducing a backoff delay before transmitting successive signatures. 

However, should contention result in a significant probability that no UE will succeed at msg3, capacity will be lost and if the normal rule is that UEs that detect failure re-attempt at the next opportunity, a peak load that results in a significant number of signatures suffering contention occurs capacity could rapidly degrade RACH performance. In these circumstances it would be better if the rate of contention were reduced through UEs applying backoff. The probability that no UE is successful depends on radio conditions and appears to degrade significantly with the numbers of UEs simultaneously using the same signature. Illustrative but not definitive values, possibly optimistic, are of the order of 0.3 if two UEs contend, 0.6 if three contend and 0.8 if four contend. This suggests that should a significant peak load occur, such that contention occurs on a significant fraction of signatures, doing nothing may not be the best operating mode. 

Approach 2: UEs that detect contention apply a backoff delay before transmitting a signature again
Requiring that UEs that have detected contention (via msg4) should implement a delay before re-starting RACH sequence transmission rather than attempting in the next RACH opportunity, would provide a mechanism for dispersing attempts in overload conditions and potentially reduce the subsequent contention rate. The parameters of the random delay could be signalled as part of the RACH information on BCCH and therefore would be slow to change. The procedure would add a test requirement, requires specification of UE behaviour in the standard and some, probably small, signalling load on BCCH.

However, such a procedure would mean that the requirement to execute the delay falls on UEs that have already experienced some delay rather than all UEs including those that are still power ramping or UEs making a first signature transmission. Furthermore, the UE would not, by itself, be able to detect the overload situation from single contention and although multiple consecutive contention events could act as a trigger these are unlikely unless the contention probability is very high. For these reasons it seems necessary for the delay to be applied whenever contention occurs which would mean that in normal operation it is applied unnecessarily.  

Possibly the BCCH could indicate whether the operation should be in normal mode or overload mode but such a mechanism would not support dynamic control of RACH load and would require the UE to monitor BCCH.

Approach 3: The eNB controls access attempts by indicating that UEs should apply access control rules before deciding to transmit a signature in a RACH opportunity.
A mechanism for enabling the eNB to control whether UEs should implement access control rules was made in [1]. It proposed that:

· Whether a UE should apply access control rules before transmitting a signature in a RACH opportunity could be signalled with msg2, the RACH response. In normal operation, there would be no backoff control signalled. Absence of a backoff control indication with msg2 or no msg2, i.e. no RACH signatures were responded to, would imply no backoff should be applied. Msg.2 is proposed as the container for the backof indication rather than BCCH because msg2 should provide a faster response.

· Backoff control signalled with msg2 would apply to the following RACH opportunity and therefore enables very fast control of RACH signature load. This minimises the delay before the control operates and minimises the overhead of receiving the backoff control because the UE would receive msg2 following transmission of a signature. A potential weakness of the signalling method is that, unless a UE were required to monitor for msg2 before transmitting its first RACH signature, incurring a delay of perhaps 10ms, the backoff mechanism would apply only to second or subsequent signature transmission opportunities. It would have to be decided whether backoff testing should be applied to the first signature transmission or not, or whether application scope should be configurable via BCCH.

· It is assumed that the eNB could estimate that an overload condition exists based on the fraction of signatures detected as being used and/or msg3 does not succeed at the expected rate. 

· The control signalling could indicate that a fraction of UEs should not transmit a signature in the next RACH occasion, by signalling a probability factor. It might also indicate that backoff or temporary barring should apply to particular UE access classes enabling differential access to certain access classes should this be required.

Such a mechanism would add a test requirement, requires specification of UE behaviour and, in normal operating conditions, a small signalling load with msg2 transmission (1 bit per RACH response in the DL-SCH part of msg2 transmission).

By requiring UEs to apply the backoff mechanism, via a probability test or temporary barring, the eNB would be able to reduce the load on the signatures avoiding contention and enabling successful progression through the msg3 and msg4 access stages. It would reduce or remove capacity wastage due to contention trading this for UE imposed delay, hopefully resulting in overall smaller access times than would be the case if congestion continued. This is one of the mechanisms that allow the self-optimization of E-UTRAN.
From these discussions, it can be concluded that the approach 3 can provide the best control to the network with small overhead. Thus, we make the following proposals.

Proposal 6: The eNB should be able to control access attempts by indicating whether UEs should apply access control rules before deciding to transmit a signature in a RACH opportunity.
Proposal 7: To enable dynamic control of whether a UE should apply access control rules or not in a RACH opportunity, it should be possible for eNB to signal backoff control with msg2 in the DL-SCH part of the L1/L2 +DLSCH (RA-RNTI) random access response.
Proposal 8: For avoiding the additional delay in access, the access control rules signalled in msg.2 is only applied to second and subsequent RACH access attempts.

3.
Conclusions

Whether to provide a backoff mechanism for E-UTRAN RACH operation is an open issue. This Tdoc identifies options and makes the following proposals:

Proposal 1: A UE should transmit the first signature for message 1 in the next available RACH opportunity,

Proposal 2: If no response is detected in message 2, the UE should transmit subsequent signatures in consecutive available RACH opportunity.
Proposal 3: If a UE detects contention after message 3, it should restart RACH access via signature transmission at the next available RACH occasion.

Proposal 4: No persistence test and backoff operation is applied in normal random access operation (non-overload condition).

Proposal 5: When contention access is in progress the signature used is re-selected for every random access burst.

In overload condition:
Proposal 6: The eNB should be able to control access attempts by indicating whether UEs should apply access control rules before deciding to transmit a signature in a RACH opportunity.
Proposal 7: To enable dynamic control of whether a UE should apply access control rules or not in a RACH opportunity, it should be possible for eNB to signal backoff control with msg2 in the DL-SCH part of the L1/L2 +DLSCH (RA-RNTI) random access response.
Proposal 8: For avoiding the additional delay in access, the access control rules signalled in msg.2 is only applied to second and subsequent RACH access attempts
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