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1 Introduction

In the case of intra LTE handovers several options can be considered with respect to how UE sends initial UL transmission at the target cell. From the latency point of view, it is preferable if the initial uplink transmission is sent in a contention-free manner.  This would provide more control over handover execution time and would make handovers more predictable - this is especially important when real-time types of applications are involved (e.g. VoIP).

At the previous RAN2 meetings a baseline handover mechanism for UE’s initial transmission has been agreed which utilizes non-synchronized random access, however optimizations to this approach such as different means of contention-free access have remained open. In this document we are presenting our view on this topic.
2 L1 Non-Synchronized UE 
In the case when UE has no UL timing advance information at the target cell it can use non-synchronized RACH to send its first UL transmission. However because of potential collisions handover latency can not be predicted and it may become unacceptably large in situations when RACH channel is not properly sized with respect to RACH loading conditions, or if there is a sudden burst of random access requests (example of train crossing cell boundaries). On the other hand properly sizing RACH can result in unacceptable RACH UL overhead. Therefore in order to reduce RACH overhead and to provide better control over handover execution time use of dedicated “RACH” signatures can be considered. Such a usage of RACH signatures can be indicated through system broadcast information.
Dedicated “RACH” Signatures 
In this approach target eNodeB assigns to a UE in the handover preparation stage a specific combination of “RACH” signature and TDD/FDD region.. The target eNodeB would send the selected combination to the source eNodeB, which would then relay this information to the UE in the Handover Command message; as shown on Figure 1.
To deal with potential error cases (e.g. UE misses assigned time slot, or UE’s open loop power control is underestimating TX power) target eNodeB can make the resource assignment valid for multiple RACH time slots. This would provide several opportunities to the UE to successfully transmit access signature.  As a fallback option UE can use regular non-synchronized RACH procedure. 
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Figure 1 Dedicated signature call flow example
Some of the benefits associated with the use of dedicated “RACH” signatures are:
· Contention-free access – resulting in reduced, predictable and better controlled handover execution time. 
· More efficient use of UL resources compared to pure RACH access – utilization of access channel composed of dedicated signatures can be much higher than utilization of the random access channel. For example, if a dedicated signature assignment is valid for 5 time slots (in order to handle error scenarios) a utilization of 20% and above can be achieved on these dedicated signatures, compared to just few percent of utilization of regular random access signatures – currently targeted by some companies.
· Implicit cause/priority - By using dedicated signatures target cell would automatically know that the cause of access is handover and it can use this information to prioritize users in the UL, and also to determine the size of initial UL grant.
3 L1 Synchronized UE

There are several scenarios under which UE may, with sufficient accuracy, estimate UL timing advance information at the target cell. This can be the case when the eNodeBs involved in handover are downlink synchronized (MBMS SFN); in small cell deployment scenarios; or in the cases of intra eNodeB handovers. The fact that UE has the estimate of target cell UL timing advance can be used to provide more options for contention-free handover execution: 
Signalling using UL overhead channels 
UL overhead channels can be used to transmit UE’s presence indication on the target site. The presence indication can consist of a single bit or several information bits depending on the overhead channel involved. For example if UE is configured with the CQI feedback channel and CQI channel  is setup before Handover Command is issued, then UE, once it switches over, can send the “presence” indication over this channel. By doing that UE would signal the target eNodeB that it has completed handover, and that it is ready to send/receive data on UL/DL-SCH. As in the case of dedicated signatures target eNodeB would communicate the location and timing information of the CQI channel to the UE via Handover Command message sent to the UE by the source cell. Another example of UL overhead channel is to send presence indicator using UL contention-free scheduling request channel – whose implementation is currently being discussed in RAN1. 
In order to deal with potential handover timing and open loop power control issues UE can be given several opportunities to transmit presence indication. The potential waste of UL resources, if it occurs, will be small since UL overhead channels are designed in efficient way to consume small amount of UL radio resources.. 
4 Conclusion
Based on the discussion, from the handover latency perspective, it is preferable to have contention-free intra-LTE handovers. Several optimization schemes can be considered to achieve this:

· If at the time of handover target cell Timing Advance information is not available to the UE, then contention-free access using dedicated signatures is proposed
· If the UE has target cell UL Timing Advance information, then good candidate for handover optimization would be to send “presence” indication using UL overhead channels
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