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1 Introduction

The current RACH procedure takes two forms [1]:
-
Contention based, and

-
Non-contention based

In the contention based random access procedure UE sends a preamble from a set of signatures advertised on the BCCH. In the non-contention based random access procedures the Random Access preamble (signature) is assigned to the UE by the eNB from the pool of signatures not broadcasted on BCCH. 

Due to a finite number of non-contention based RACH resources a high load situation can occur in which case two alternatives can be identified:

a) the UE that would be assigned non-contention based RACH resource is redirected to use contention based resource, or 

b) eNB can delay assignment of the non-contention based resource until a resource becomes available 

In both cases the UE’s access delay will be higher compared to the case when non-contention based resources are used. 
In this document, in order to improve RACH access latency in temporary overload situations, we propose that contention based resources can be temporarily assigned to a UE, without explicit indication of such use on BCCH, so that the utilization of both RACH resource pools is improved, and delay in overload situations minimized.

2 Resource Sharing Between Contention and Non-Contention Based Pools

Previous contributions (e.g., [2]) have discussed the sizing of RACH resources and it was shown that the utilization of the non-contention based pool could be much higher than the contention based pool to achieve the same collision/blocking performance. Collisions in the contention based region incur additional overhead in terms of the transmission of Messages 2, 3, and 4. Thus, the collision probability in the contention based region needs to be small. Non-contention based region is designed to be collision-free. However, there will be blocking in high load situations which would lead to additional delay. An illustration of this is shown in Figure 1.
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Figure 1. Illustration of the utilization of non-contention and contention based RACH resources.

The horizontal axis in Figure 1 represents time while the vertical axis represents load within the existing resources. The dashed line represents partition between non-contention based and contention based resources. Unused resources in each pool cannot be used by the UEs in the other pool. Circles represent instances of blocking of UEs in the contention based region, i.e., a UE that needs non-contention based resources will not find any available. 

To reduce access delay when the blocking in the contention based region occurs we propose that a UE is temporarily assigned a resource from the contention based region. In this case only the eNB and UE know that a particular contention based resource has been assigned. We assume that this temporary change in RACH resources is not broadcasted on the BCCH. Other UEs that need contention based access could pick the same resource that eNB has assigned to the UE that needed non-contention based resources which would result in a Message 1 collision. This situation would also occur in the case when a UE was simply told to use contention based resources since non-contention based resources are fully occupied. To reduce the collision rate in Message 3 we propose that Message 2 in addition to
- conveying at least RA-preamble identifier, Timing Alignment information, initial UL grant and assignment of Temporary C-RNTI (which may or may not be made permanent upon RRC Contention Resolution)

carries an indication associated with RA-preamble identifier indicating that this preamble has been assigned to a specific UE. This indicator would be detected by all UEs that transmitted in the RACH opportunity using this preamble. The UEs accessing in the contention based mode will backoff after detecting that this preamble has been assigned. The UE that was assigned this preamble will proceed with sending Message 3.    

The benefits of this proposal are that: (1) UEs accessing in the contention mode will get quick feedback that they need to backoff as opposed to waiting to receive Message 4, (2) the access time of the blocked non-contention based UE has been expedited.

In addition to dealing with load spikes and load imbalance the proposed RACH resource sharing can postpone increasing the size of the RACH resources (which needs to be done in increments of 64 Signatures and could be costly).  The benefits are as follows

· Increased RACH utilization

· Less updates on the BCCH

· More flexibility with imbalanced load

3 Conclusion

Based on the discussion above, we propose the following

· Contention based resources can be temporarily assigned to a UE, without explicit indication of such use on BCCH, so that the utilization of both resource pools is improved, and delay in overload situations minimized. 
· Message 2 carries an indication whether a particular preamble from a contention based pool has been pre-assigned to a UE

· UE accessing RACH in contention based mode, will backoff immediately, and not proceed with transmission of message 3,  if  the Message 2 indicates that the preamble it has selected has already been pre-assigned 
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