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1 Introduction
During the last meeting in Sevilla the Handover failure handling could not be concluded. In this contribution we analyze the scenario and derive a proposed solution.
2 Discussion

Objective of the HO procedure, side conditions
The major objective of the HO is to minimize the interruption caused by the switch from one eNB to another. The second objective is to trigger the HO early enough in order to ensure that the HO command could be delivered to the UE before the radio link gets unreliable; i.e. it shouldn't not be triggered at the very cell edge. 

When it comes nevertheless to a failure when accessing the target cell, the connection should be recovered as quickly as possible in order to keep the interruption as short as possible. Thus the detection of the error must be done in a reasonable short timeframe. 
If the HO is deemed to fail, the UE needs to access an eNB which is aware of the UE Connected Mode context (C-RNTI - S1 relation ship, active RBs etc.), as the agreement is that no forward HO will be supported in LTE. This means the cell must be one which was prepared by the source eNB during the HO preparation phase, or the source eNB itself. The target cell assigned in the HO command should be excluded, as access already failed. If the UE isn't informed which other cells are prepared, the only remaining is the source cell. 
In the source cell the connection should be resume a.s.a.p. in order not to further expand the interruption.

Analysis of the HO execution phases

After the source eNB has successfully prepared one or more target cell the HO command message is sent to the UE indicating one target cell and the reserved radio resources. 
If the UE hasn't already acquired the DL synchronization of the target during the measurement on the source cell, the UE must as a first step synchronize in DL. As the next step UL synchronization must be achieved via RACH. 

Uplink synchronization is determined by transmitting RACH preambles. The network calculates the TA which is then indicated in a MAC Control PDU on DL-SCH. The reception of this message 2 by the UE confirms that UL and DL transmission is possible. After reception of message 2 the physical shared channels are used for Up and Downlink transfer. 
Before the reception of message 2, no predictable DL is available; the UE retransmits preamble with increasing power until it receives message2. Thus the only criteria to determine a failure in this phase will be the number of RACH transmissions respectively the spent time. Once this condition is reached the initial access could be declared as failed. 
As the overall interruption should be short, and in order to ensure that the RRC connection is still accessible when returning to the source cell, it is proposed that the reception of the message 2 in the RACH process is supervised by a specific timer which might be different (i.e. shorter) then in other RACH scenarios. The timer should supervise the overall process of UL and DL synchronization, thus be started when switching to the target cell. The timer value might vary depending on the circumstances of the HO, e.g. to reflect the blind HO case. If this timer expires before message 2 is received, the access to the target cell is declared as failed.
Proposal 1a: 
The initial DL synchronization (if needed) and subsequent UL-synchronization in the target cell (RACH step 1+2) is supervised by a HO specific timer. The timer value should reflect the maximal acceptable interruption gap for the HO procedure. If the timer expires before message 2 is received, the access to the target cell is declared as failed. 

For the case of a contention based RACH access in the target cell, it might be questioned, whether the condition to detect the failure shouldn't be the failed contention resolution, i.e. a missing message 4 or a message 4 addressing a other UE. Here it needs to be considered what the intended UE reaction is: should the UE start a new RACH procedure on the target cell, or revert back to the source cell. If the reason for the failure was contention, a second RACH attempt on the target cell seems more promising, as the physical link wasn't the problem. If message 4 is not received, there might be a physical link problem. But if normal RLF detection is started after reception of message 2 (see proposal 3) we would propose to rely on the RLF handling rather then to extend the time based supervision mechanism up to message 4.

Proposal 1b: 
Also in the case of a contention based RACH Access the HO failure detection mechanism described in Proposal 1a is applied, i.e.  the supervision timer proposed in Proposal 1a also here only supervises the RACH steps 1+2. After reception of message 2 RLF handling is applied (see Proposal 2)
If message 2 is received in time, DL synchronization is achieved and the physical shared channels are used for Up and Downlink transfer. In our understanding this is the first point in time where normal RLF detection mechanism could be started. This is also the point in time where the RLC UM and AM entities serving the established bearers are initialized and started to be used. The initial RRC message will now be sent on SRB1 on UL-SCH which will trigger the path-switch from the source to the target cell and the release of the RRC context in the source cell. Thus after the transmission of message 3 the UE must assume that its context in the source cell is released. As normal RLF detection mechanism could be applied after message 2 is received and the UE context in the source cell is released upon reception of message 3 by the eNB, it is proposed to apply normal RLF handling (i.e. RRC re-establishment procedure) upon reception of message 2.

Proposal 2: 
Normal RLF handling (i.e. RRC re-establishment procedure) is applied after reception of RACH message 2. 

If message 2 is not received in time (i.e. the supervision timer expired), the UE must try to resume the connection on a prepared cell which is aware of the UE context. As the inclusion of multiple target cell configurations in the HO command would increase the size of the HO message and thus degrade the HO performance, it is proposed that the UE always reverts back to the connection on the source cell. As the detection of the failure on the target cell is kept short, the switch to the target cell is similar to a DRX period on the source cell connection. It is therefore proposed that the source cell maintains the connection in order to allow an immediate resumption of the connection by the UE. For the UL access in the source cell it is propose to apply the standard rules (timer based UL synchronization supervision etc.); so it might be possible that UL is granted by the network, or need to be requested by either SR or RACH (contention based-MAC procedure).
Proposal 3: 
The UE always returns to the source cell if HO failure according to Proposal 1 is detected. The source eNB maintains the established connection. Normal Connected mode handling is applied when the UE returns to the source cell. 

. 

3 Conclusions and proposal
The proposed solution has the following advantages:
· the overall interruption of the data transfer is minimized also in the case of a link failure on the target cell;

· the probability of a successful recovery is maximized;

· the solution is simple, as it is based as much as possible on existing mechanisms.

· it should be proven, as the same principles are used in GSM and UMTS.

It is proposed to discuss and agree the proposals given above.

