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1 Introduction

In the case of intra LTE handovers several options can be considered with respect to how UE sends its first UL transmission to the target cell. These options can be generally classified into two groups depending on whether the UE has the UL timing advance at the target cell, or not. The availability of timing advance information basically determines the set of possible physical layer resources which can be considered for the UE’s initial UL transmission. In the cases where these resources are shared and can be accessed by more than one user at the same time, such in the random access channel example, the presence of collisions will contribute to the uncertainty in the duration of the overall handover procedure. Therefore, from the latency point of view, it would be preferable if the UEs during handover execution phase can access the target cell in a contention-free manner – thus providing more control over handover execution time and making the handover more predictable. This is especially important when the real-time types of applications, such as VoIP, are involved. 
At the previous RAN2 meeting a baseline handover mechanism for the UE’s initial transmission has been agreed which utilizes non-synchronized random access channel, 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 this scenario UE has no UL timing advance information at the target cell. The following options can be considered with respect to how initial UL transmission is done: 
· Contention Based Handover  
· Non-synchronized RACH - Cause of access not included in preamble – Baseline Case
In this case UE transmits its first UL message using non-synchronized RACH. Since multiple users can select the same signature and random access TDD/FDD region, collisions can occur and will contribute to the increased access delay and handoff service interruption time.  The only way of controlling the handover latency, and minimizing potential collisions would be to provide enough overhead for the random access channel.  However the trade-off between efficiency of usage of radio resources (i.e. random access channel overhead) and system performance needs to be kept in mind here.
· Non-synchronized RACH - Cause of access included in preamble 
Some improvement in terms of overall handoff delay (while still allowing contention), can be achieved by reserving a set of RACH signatures (and/or potentially TDD/FDD regions) to be used only for handover purposes. In this way target cell would know that the cause of random access is handover, and in order to minimize latency, it can allocate to the UE UL-SCH resources which would be sufficient to accommodate all the necessary handoff control information in one (first) UL-SCH transmission. Also, by knowing the cause of random access target eNodeB can, for example, based on the loading conditions, grant/deny and prioritize different random access requests. 
· Contention-free Handover 
· Dedicated “RACH” Signature 
In this case resources originally designed for RACH operation can be used to provide contention free UL access in the situations when UE does not have UL timing advance information at the target cell. In this approach target cell would assign to the UE a specific combination of “RACH” signature and TDD/FDD region and by doing that it would eliminate collisions - thus making the handoff contention-free. The specific resources can be assigned to the UE by the target eNodeB in the handoff preparation stage: the target eNodeB can send the selected combination to the source eNodeB first, which would then relay this information to the UE (e.g. in the Handover Command message).
To deal with potential error cases target eNodeB can make the resource assignment valid for multiple time slots. This would provide several chances to the UE to successfully transmit the access signature. 
Since RACH would no longer be needed for handovers (except as a fallback option), portion of its resources can be used for proposed contention-free scheduled access.  Such usage can be indicated through system broadcast information.

More efficient use of Radio Resources Important benefit of proposed contention-free scheduled assignment of “RACH” signature and time slot combinations is that the radio resources, compared to pure random access, are used more efficiently. This comes from the fact that the portions of the radio resources (signatures, and TDD/FDD regions) which would otherwise be accessed using inefficient random access schemes (aloha and its variants), would now be accessed in a scheduled based manner. Also, the proposed contention-free handover scheme would be especially beneficial when the large number of handovers are executed at the same time, e.g. train crossing the cell boundaries. In this example, if the regular random access channel is used, due to high load conditions, collisions may take several random access opportunities to resolve which may result in unacceptable delays for real-time traffic.
3 L1 Synchronized UE

There are several scenarios under which UE can potentially estimate UL timing advance information at the target cell. For example, if the eNodeBs involved in handover are downlink synchronized (which already may be the case if the cells belong to an MBMS SFN area); small cell deployments, where UL L1 timing information could be estimated with sufficient accuracy; or in the cases of intra eNodeB handovers, where cell antennas are collocated. 
· Contention Based Handover 
· Synchronized RACH 
In this option the potential gain with respect to the use of non-synchronized RACH comes only from the synchronized random access message part. However, based on the latest RAN1 discussions the message part is going to be very small and it would mostly be sufficient to accommodate UE ID – raising questions of the usefulness of synchronized RACH in general.  This means that the handoff control information would still have to be sent in the subsequent UL-SCH transmissions.  

From the handover latency perspective using synchronized RACH would be very similar to non-synchronized RACH where the cause filed is indicated through signature selection – this means that the  synchronized RACH message part will not provide much if any reasonable gain considering it is much more inefficient compared to non-synchronized RACH (if the same fraction of uplink channel is reserved for non-synchronized and synchronized RACH, then non-synchronized RACH will have much more random access opportunities).

As with other contention based schemes it also suffers from the drawbacks of unpredictable loads which are dependent on many different factors (traffic types, QoS, number of users/flows, scheduling mechanisms in place, cell topology etc.). In order to control handover latency this would make the synchronized RACH more difficult to size in real system implementation and make it an expensive choice from the overhead perspective. 

For these reasons the fact that the UE has target cell UL timing adjustment may be better utilized through contention-free handover schemes which do not involve synchronized RACH channel. 
· Contention-free Handover
With respect to contention-free handover execution several possibilities can be considered if the UE is UL time aligned:
· UL-SCH 
In this option the UE can send its first uplink transmission in the UL-SCH region. Target eNodeB can assign upfront to a UE cell specific C-RNTI identity, which can be communicated to a UE by the source eNodeB in the Handover Command message. After it switches to the target cell, UE needs only to monitor target cell L1/L2 control channels to determine when to send its first uplink transmission. This option has many advantages: contention-free access, UL-SCH resource assignment can be appropriately sized, and also uplink is accessed in a scheduled manner. This means that radio resources can be efficiently used; especially in the situations when there can be many simultaneous handoff requests. 
· Signalling using UL Overhead oever there may be some issues with respect to the asdfasdfasfChannels
UL overhead channels can be used to, for example, transmit UE’s presence indication on the target site. This 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 this channel  is setup before Handover Command is issued, then UE, once it switches over, can send the “presence” indicator, and by doing that it would signal to the target eNodeB that it has completed handover. Another example is to send presence indicator using UL contention-free scheduling request channel which has been recently proposed by some companies [2][3], however the existence of this channel is still under discussion. 
Since UL overhead channels inherently consume small amount of UL radio resources, in order to deal with potential error cases, UE can be given several opportunities to transmit presence indicator. This would be the advantage of this approach compared to sending first UL transmission over UL-SCH, however it has higher latency when compared with UL-SCH option since one additional step (sending presence indication) is needed before UE starts sending UL-SCH data.
4 Conclusion
Based on the discussion it can be concluded that the contention-free handoff procedure is preferred and several optimization schemes can be considered to achieve this, thus reducing the access latency and handoff service interruption time:

· If at the time of handoff Timing Advance information is not available to the UE, then non-synchronized contention-free scheduled access can be used. In this case target eNodeB assigns in advance to the UE specific combination of access signature and TDD/FDD region to use for its initial transmission
· If the UE has the Timing Advance information on the target cell, then preferred optimization approaches would be to send the first uplink transmission using UL-SCH, or to send “presence” indication using UL overhead channels
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