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1 Introduction

The use of dedicated RACH preambles for accessing the target cell at intra-LTE mobility has been agreed at the last RAN2#57bis meeting. This contribution provides further details on the usage of these preambles, especially regarding the ways how to indicate the timing of the preamble for the UE and how the UE should fall back to normal RA in case a failure occurs.
2 Timing of the Dedicated Preamble
It is proposed that the target eNodeB indicates the timing of the allocated preamble for the UE as part of the transparent container sent back to the source during handover preparation. The timing of the dedicated preamble is expressed in terms of the System Frame Number (SFN) of the target cell. This means that the UE receives in the HO Command the SFN range, for which the preamble is valid in the target cell. 

The target eNodeB reserves the SFN range for the dedicated preamble depending on the current load of the RACH (the number of currently available preambles) and depending on the anticipated timing of the handover. For example, the target eNodeB may reserve the start time of the preamble at the earliest anticipated handover time in order not to delay the handover execution unnecessarily. Similarly, it may reserve the expiry time of the preamble for the latest anticipated finishing time of the handover. (Note that once the UE has performed the RA in the target cell, the target eNodeB can immediately release the corresponding dedicated preamble no matter if the expiry time of the preamble was set to a later point in time.) Depending on the actual load and on the handover delay requirements the target eNodeB may be more generous or less generous when allocating the timing of the preamble.
Before the UE uses the dedicated preamble, it should check whether the current SFN in the target cell is within the timing range of the dedicated preamble as given in the HO Command. If the dedicated preamble is still valid then the UE should perform a RA attempt using the dedicated preamble. Otherwise it should refrain from using the dedicated preamble and it should fall back to the normal RACH procedure (see also Section 3).

For how the UE obtains the current SFN of the target cell we can differentiate basically two approaches. Either it is provided by the network in the HO Command (given as an offset referenced to the SFN of the source cell) or it is read out from the BCH by the UE itself prior to the access in the target cell. The former solution assumes some SFN synchronization method between neighbor eNodeBs. In case of a synchronized network (e.g., due to MBMS or TDD) the synchronization of SFNs (i.e., the SFN offset between cells) is readily available without any additional mechanism. In such cases the network can easily provide accurate information about the SFN of the target cell for the UE.

In the solution where the UE is required to read SFN information from the BCH in the target cell, the UE needs to first read the BCH before performing the RA. In order to avoid that reading the BCH increases the handover interruption the UE should preferably read the BCH while connected to the source cell, e.g., when it makes the measurement on the target cell. Then the UE could maintain the target SFN via internal counting until the handover execution.
Which of the above two options are used may depend on the particular scenario. If the network is capable to provide the SFN information of the target cell then it should indicate this capability to the UE (e.g., that network synchronization is available) and provide the target SFN in the HO Command. In such cases the UE knows that it does not need to read the BCH of the target cell. If the network indicates that it cannot provide target cell SFN information then the UE would know that it needs to read SFN from BCH in the target cell. In such cases the UE should try to read the SFN information during neighbor cell measurements. If this is not possible then the UE should read the BCH after switching to the target cell but in that case the interruption may increase.
3 Fallback Mechanism

There might be cases when the network cannot provide a dedicated preamble for the UE, either because this feature is not implemented by the network or because there is temporarily a shortage of available preambles. Considering that there are altogether 64 RA preambles defined and only a fraction of them can be reserved for dedicated preamble use (e.g., 16 preambles), it may occur that in high load situations, e.g., when a large group of UEs are making handovers at the same time, the target cell momentarily runs out of available preambles. In such cases it is not recommended to delay the handover preparation and the sending of the Handover Command until a dedicated preamble becomes available, since this may result in a RL failure. A radio link failure has a larger recovery time and more significant impact on the user perceived performance as compared to a contention based random access. That is, what needs to be weighed here is whether it is better to delay the handover and risk that a RL failure occurs or to continue with the handover and perform a contention based RA and risk the possibility of a collision on RACH and thereby the possibility of a slightly longer interruption time. We believe that a RL failure is clearly a more unwanted situation and has a more negative impact on the interruption time and on the overall handover performance than a RA collision. Therefore, in such cases it is proposed that the HO Command can be sent without a dedicated preamble. If the UE does not find a dedicated preamble in the HO Command then it falls back to the regular contention-based RA scheme.
Note that it would neither be a possible solution to the problem of temporary shortage of preambles to reallocate the set of dedicated preambles on demand by borrowing preambles from the set of contention based preambles. This would require to notify all UEs in the cell in a reliable way that the set of contention based preambles has been changed, otherwise conflicts between dedicated and contention based usage of a preamble may occur. Such a timely and reliable notification to all UEs in a cell would be hard to achieve. We note also that the set of dedicated preambles have to be determined such that the utilization of these preambles are kept high, i.e., no generous over-allocation of the set of dedicated preambles is feasible, otherwise the efficiency of the whole dedicated preamble concept would be jeopardized.
Finally, there might be cases when although a dedicated preamble has been assigned and sent in the HO Command, some failure has occurred. For instance, the timing of the preamble may have expired or the UE may be unable to determine whether the timing of the preamble is valid or not (e.g., it could not obtain target SFN information) or no valid response may have been received from the network to the RA attempt performed with the dedicated preamble. In all such cases the UE should also fall back to the regular RA scheme.
4 Conclusion
It is proposed for RAN2 to agree on the above details on the use of the dedicated preamble as follows and capture the agreement in TS 36.300:
· If dedicated preamble is allocated for the UE then the timing of the preamble should also be indicated in the HO Command, i.e., the range of SFNs for which the preamble is valid in the target  cell should be indicated. 
· Before the UE starts to use the dedicated preamble it should make sure that the preamble is still valid by matching the current SFN in the target cell against the validity range of the preamble.

· The network may provide SFN information of the target cell to the UE, possibly as an offset referenced to the SFN of the source cell.
· If the network cannot provide SFN information of the target cell then the UE has to read the SFN from BCH in the target cell prior to accessing the cell with the dedicated preamble. The UE should preferably read the BCH in the target during neighbor cell measurements.

· If no dedicated preamble is given to the UE or the preamble is no longer valid or the UE cannot make sure that the preamble is indeed valid then it should fall back to the regular RA procedure. The UE should also fall back to the regular RA in the cases when no valid response is received from the network to the RA attempt performed with the dedicated preamble. 
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