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1
Introduction

After RAN#71 in March 2016, a new WI was approved [1], which aims at further LTE mobility enhancements to minimize data transmission interruptions when a UE moves from one cell to another. One of the solutions for the mobility enhancements is so-called RACH-less approach, captured in TR 36.881 [2], minimizes data transmission gaps and handover latencies by means of eliminating the whole RACH procedure.
With regards to the RACH-less solution, during the RAN2#94 meeting several functional aspects of this solution were considered. In particular, RAN WG2 has discussed and agreed that the UL grant can be allocated either by the RRC signalling or through the PDCCH channel in target eNB. However, regardless of the how a UE gets information on the UL grant, there remain several open questions on the UE behaviour in several scenarios and error cases.  
In this discussion paper we present our further considerations on those open questions.
2
UL grant for the RACH-less handover
Since there is no RACH preamble transmission and response message in the RACH-less procedure, a UE time adjustment value can be wrong in the target cell and/or a UE may set initial transmission power to the insufficiently low level due to wrongly estimated path loss. As an example, since there is no power ramping up procedure, a UE may end up in a logical deadlock when it receives information on the UL grant, but the response message constantly fails at the network side because of the low transmission power. There is another error case when the UE enters the target eNB, but the latter does not signal any UL grant for the UE. One possible reason for this error scenario is that the network will not allocate the UL grant infinitely, but rather only for some period of time governed by the network’s internal timer. So, there could be the case that a UE simply misses the window when the UL grant was advertised to the UE. 
According to the current specification, a UE will recover from the aforementioned and similar error cases only after expiry of the T304 timer. However, it should be noted that even though the smallest value of the T304 timer is 50ms, it is typically set to values larger than 100ms to avoid false alarms for handover failures. As a result, a UE may unnecessarily wait for as long as 100ms before it takes any actions. 

To prevent situations like that and to avoid unnecessary delays, a UE may revert to the legacy RACH procedure. In other words, instead of waiting for expiry of the T304 timer, a UE may execute the legacy RACH procedure, which has both timing adjustment and power ramping up steps. Such an approach can ensure that if the RACH-less procedure succeeds, then the UE can benefit from a shorter handover delay; but if it fails, then the resulting performance will remain comparable to the legacy scheme. 
Proposal 1: Allow a UE to revert to the legacy RACH scheme in case of failed RACH-less procedure.

To decide when to revert to the legacy RACH procedure, a UE can start a timer once it gets in sync with the target eNB and starts to decode the PDCCH channel. It should be noted that a new timer does not preempt or invalidate legacy T304 – the latter will continue to govern duration of the whole handover procedure starting from the reception of the RRC reconfiguration message. Instead, the new timer Txx can be set to much shorter values. In fact, a new timer value can be provided in the same way as T304, i.e. in the MobilityControlInfo IE constructed by the target eNB. 
Proposal 2: Add a new timer that will determine when a UE can revert to the legacy RACH procedure.
Figure 2 illustrates how a new timer and T304 relate to each other. We do not change the meaning or the purpose of the legacy T304 timer, but instead add a new timer upon expiration of which a UE would revert back to the legacy RACH procedure.
[image: image1.emf]: UE

[HANDOVER PREPARATION]

: UE

[SYNCING]

: UE

[HANDOVER COMPLETION]

: UE

[RACH]

: UE

[HANDOVER FAILURE]

Start T304 timer

Start Txxx timer

[UL grant is detected

before expiry of Txxx] 

Stop timer T304 and Txxx

[RAR response

is received] 

Timer Txxx is started

once a UE gets synced


Figure 1: T304 and a new Txx timer that governs reverting to the legacy RACH.
3 Conclusion
In this discussion paper we have presented our further considerations on some open issues for the RACH-less solution. In particular, we have considered how the UL grant should be signaled to the UE and what a UE can do if the RACH-less procedure fails for any reason. As a summary of our paper, we suggest:
Proposal 1: Allow a UE to revert to the legacy RACH scheme in case of failed RACH-less procedure.
Proposal 2: Add a new timer that will determine when a UE can revert to the legacy RACH procedure.
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