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1 Introduction

Load control and backoff for contention based RACH preambles were discussed in RAN2#59 with the intention of mitigating problems when there is a system overload condition. Similar considerations need to be applied to the non-contention based RACH preambles.
This contribution analyzes different methodologies for mitigating the consequences of overload with respect to the non-contention based RACH preambles.
2 Discussion
An overload condition on the non-contention based RACH resources can occur due to there being a high rate of handovers into the cell. Such an overload can also occur if there is simultaneous data arriving for a large number of mobiles in the cell that are in long DRX. However, in the absence of PTP MBMS the latter situation seems unlikely. 
A high handover rate can cause handover failures or at least arbitrary delays to complete the handover. The probability of this occurring can be analyzed and debated. However, it is important to ensure that however small the probability of occurrence of the overload conditions, when they do occur, the system performance does not abruptly degrade. We consider various approaches for mitigating the effects of such an overload condition.
In this case, it is necessary to control the assignment of dedicated preambles to UEs requesting handover. There are a few ways to do this.
Option 1: Delaying the assignment of dedicated preambles to UEs requesting handover. 
This results in delaying the handover command sent to the UE. At a minimum this delays the handover and increases interruption time. But more importantly, during a handover, the HO command is the most critical step. And given that handover is triggered when the link to the source cell is deteriorating, delaying the handover command could mean a radio link failure. The recovery from the radio link failure then adds to additional RACH load leading to propagation of the problem and other unintended effects.
Option 2: Restricting which RACH opportunities UE can use.

This avoids delaying the handover command. Instead the handover command specifies what RACH opportunities UE can use for accessing the target cell. It does increase the handover duration and the interruption time, but the delays can be controlled by the eNB assigning the RACH preambles. With this approach, however, the eNB would need to monitor handover rates.

Option 3: Not assigning a dedicated preamble and requiring UEs to use the contention based procedure.
This is the simplest approach. However, moving the UE from the non-contention based procedure to the contention based procedure may not be very effective. In general, contention based RACH resources and non-contention based RACH resources tend to get overloaded at the same time (busy hours are generally when people are commuting etc). So this procedure could overload the contention based RACH resources. There are also associated delays with using the contention based scheme for handover and the possibility of collisions exacerbates the problem by (a) adding more RACH load, and (b) causing excessive delay or failure of the handover.
Note that RAN1 has defined 16 different PRACH configurations in TS36.211[3]. PRACHs can be spaced as close as every sub-frame. The system could potentially use a configuration with multiple PRACHs per frame (instead of the nominal one PRACH per frame). However, this does not mitigate the non-contention RACH overload condition, due to the following reason. The handover duration is independent of the PRACH configuration. For the same preamble reservation duration, a configuration with two PRACHs per frame uses twice as many resources as a configuration with one PRACH per frame. In other words, doubling the number of PRACHs also doubles the cumulative RACH load, and there is no net benefit for non-contention preambles. One could argue that doubling the number of PRACHs allows the use of contention based RACH in a handover overload situation. This is obviously an inefficient use (additional PRACHs consume significant system bandwidth). 
Based on the above reasoning we prefer Option 2. Below we provide our view on how this could work.
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The restrictions on the use of the dedicated RACH preamble can be provided in the HO command. The simplest form of restriction is to allow the UE to access only every n-th RACH opportunity (for example UE is told to use only the even RACH opportunities). The restriction could be specified as (n,k) where UE can use RACH opportunities in SFNs such that SFN mod n = k. This allows the target cell to re-use same RACH resource for more than one UE, thus reducing the RACH overload problem. 
The restrictions should apply only to a limited number of RACH attempts (perhaps only the first) from the UE. This is to ensure that 
· If there is a radio link failure during the handover procedure, the UE should not have any restrictions on which RACH opportunities it can use when it attempts to recover from the RLF. This allows the UE to use contention based RACH after RLF.
· If the UE does not get a response after a specified number of RACH attempts it may “fall back” to the contention based RACH procedure.

3 Conclusion
We suggest RAN2 agree on the following:
1. During overload conditions, the HO command can signal restrictions on which RACH opportunities UE is allowed to use.
2. If the UE does not get a response after a specified number of RACH attempts it may “fall back” to the contention based RACH procedure.
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