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1.  Introduction
In RAN2#61, RAN2 has agreed on the basic principles of handover failure handling [1]. The following points are still FFS.

· Configuration to be used after handover failure?

· When to start RLF evaluation on target?

· What is “CondA”?

· Details of “best cell selection” after handover failure?
This paper addresses these open issues.

2. Discussion
2.1  Configuration to be used after handover failure?
It has been agreed that the UE uses the re-establishment procedure on the selected cell after detecting a handover failure. If the network chooses to apply multi-cell preparation, the source cell would prepare nearby cells with the source configuration, not the target. Hence, the UE should revert to the source configuration after handover failure. An optimisation can be thought of in which the UE uses the new configuration received via the handover command, if the UE selects a cell belonging to the same eNB as the target. However, it is impossible for the UE to detect which cells are from the target eNB. As such, the UE should simply revert to the source configuration after handover failure.

Proposal 1:
The UE should revert to the source configuration after handover failure.

2.2  When to start RLF evaluation on target?
The UE should be able to monitor the downlink reference signals as soon as it synchronises to the downlink of the target cell. As the UE should be able to detect RLF as soon as possible should there be a problem, there is no benefit in delaying the start to e.g., CondA. Hence, the UE should start evaluating RLF on target as soon as it synchronises to the downlink.

Proposal 2:
The UE should start evaluating RLF on target as soon as it synchronises to the downlink.

2.3  What is “CondA”?
As a reference, the (successful) handover procedure is shown in Fig.1.
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Fig.1  Handover procedure, successful.

Regarding the definition of CondA, the Chairman minutes of RAN2#61 states that “CondA based on successful completion of RACH procedure.” Nevertheless the exact definition of CondA is yet unclear. Alternatives that can be considered are:

· Upon reception of the RA response (A3)
· Reception of HARQ ack for HO Complete (A5)

· Upon reception of the first PDCCH addressed to the C-RNTI (A6)
Note that the C-RNTI in option (A6) is the C-RNTI allocated by the handover command, not by the RA response. After CondA, the UE will never revert to the configuration prior to handover. Any RLF from that time on will be handled as an RLF in the target cell.

The important aspect of CondA is to ensure that both the UL and DL are properly working. Two cases are considered below:
· Contention based access case:

In case the target cell access was based on a random preamble, reception of the RA response (A3) is insufficient as there might have been a RACH collision and the UE might still lose after contention resolution. The HARQ ack (A5) also seems insufficient considering the nack > ack error case. Although it can be argued that both of such probabilities are low, it seems safer to consider successful handover at the first PDCCH reception (A6). It can still be argued that PDCCH has a false alarm probability. However, this probability would be considerably lower than the previous two. One can argue that there might be no data/ message to be sent immediately after the handover, and hence should there be an urge for PDCCH transmission. However, PDCCH addressing is necessary for contention resolution and (sooner or later) to acknowledge the HO Complete by RLC.
It can also be argued that U-plane can resume earlier than at contention resolution, as the eNB can always send a PDCCH for UL/ DL allocation before even receiving the HO Complete. Then, PDCCH can be detected by the UE even before completing the transmission of the HO Complete. Although this is possible in principle, this is quite unlikely (or even be forbidden) since the eNB is unsure if the timing advance has been properly applied by the UE. The eNB should ensure this by receiving the HO Complete, before allocating further resources. That is, the first PDCCH should be sent only after checking the HO Complete reception, in a good eNB implementation. Hence, PDCCH allocation would only occur after (or in fact at the same timing as) contention resolution, and only then the U-plane resumes. As such, reception of the first PDCCH is the point in time when the UE can consider both the UL and DL are now working properly, and is not any late considering U-plane would only resume after contention resolution.
If the UE discards the source configuration at this point in time (A6), there would be no problem as the HO Complete has been received, path switch has been triggered, and all is under normal in the target cell. Any further failure can be handled by the normal RLF procedure.
Proposal 3-1:
CondA should be the first reception of PDCCH (contention resolution) in the target cell, in case of contention based access.

· Non-contention based access case:

In case the target cell access was based on a dedicated preamble, reception of the RA response (A3) is already an indication that both the UL and DL works properly. The question is whether this check is sufficient. A potential problem is the false alarm at eNB for the dedicated preamble, and when it turns out later on that the HO Complete cannot be delivered due to poor UL. In this case, the timing advance received by the RA response is likely inappropriate, and the HO Complete transmission will likely fail. If this occurs, the RLC-AM entity will initiate retransmission of the HO Complete. Assuming that dedicated SR channel is not yet available, the UE will trigger a new RACH procedure. Hence, this problem case can be recovered without any special handling.
If CondA is at RA response (A3), the UE will discard the source configuration and will never revert even if HO Complete delivery turns out to be problematic, as described above. As a consequence, the UE can only try access in the target cell until it detects RLF. Nevertheless, since such problem seems to occur only if the dedicated preamble was falsely detected by the eNB in a properly designed network, it seems sufficient that CondA is defined at (A3). The beauty of this is that the specification can simply state CondA is “the successful completion of the RACH procedure.”
If the probability of failure to transmit HO Complete after (A3) is a true concern, either (A5) or (A6) can be considered. Then, for the same reasons as for the contention based access case (i.e., PDCCH is anyway needed for RLC STATUS and U-plane should not be resumed before receiving HO Complete), it seems (A6) is more appropriate, although for this case PDCCH is not needed for contention resolution. The potential benefit of this is that the same timer value can be applied for T304 in all cases.
However, since the problem of (A3) can be solved by RLF detection, (A3) is preferable as this will simplify the specification.

Proposal 3-2:
CondA should be the reception of the RA response in the target cell, in case of non-contention based access.

In summary,
Proposal 3:
CondA should be defined in the specification as “the successful completion of the RACH procedure.”
2.4  Details of “best cell selection” after handover failure?
Since the UE should revert to the source configuration prior to handover after failure, the measurement configuration would also revert to the source configuration. The UE can rely on this measurement configuration, in particular the measurement objects, in performing cell selection after a handover failure. As the main objective of the recovery procedure is to minimise interruption, the UE should be able to detect the best cell as fast as possible. The UE should not have to find the best cell among all frequencies/ RATs in the measurement object list. To facilitate the procedure, the following is proposed:

1. The UE first prioritises the source frequency (this will provide a chance of selecting the source cell). If the best cell within the source frequency is suitable, the UE selects this cell.
2. Else, the UE searches other E-UTRA frequencies from the measurement object list. If the best cell found on an E-UTRA frequency is suitable, the UE selects this cell. The UE continues this process until a suitable best cell is found or all E-UTRA frequencies from the measurement object list have been searched.
3. Else, the UE searches other RATs from the measurement object list. If the best cell found on a RAT/ frequency is suitable, the UE selects this cell. The UE continues this process until a suitable best cell is found or all RATs/ frequencies from the measurement object list have been searched.

4. Else (if no suitable best cell was found from any of the measurement objects), the UE should perform cell selection outside the measurement objects.

Note that in performing cell selection, the UE should not apply any cell individual offsets included in the object list. In addition, the UE should omit any black listed cells.
Proposal 4:
After handover failure, the UE should perform cell selection based on the procedure described above in steps 1-4.
3. Conclusions
The followings were proposed:
Proposal 1:
The UE should revert to the source configuration after handover failure.

Proposal 2:
The UE should start evaluating RLF on target as soon as it synchronises to the downlink.

Proposal 3:
CondA should be defined in the specification as “the successful completion of the RACH procedure.”
Proposal 4:
After handover failure, the UE should perform cell selection based on the procedure described in steps 1-4 in section 2.3.
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Annex

As a reference the agreements captured in the Chairman’s minutes of RAN2#61 are replicated below.

	Agreements:

Section 2.1:

1) CondA based on successful completion of RACH procedure.

2) The conditions that are considered are either A3 for both contention and non-contention preambles, or a combination of A5 and A6.

Section 2.2:

3) We will have a separate T-handover timer to indicate how long the UE should attempt to get access on the target cell. If CondA is met before T-handover expiry, the handover is successful. If CondA is not met before T-handover expiry, the handover fails. 

4) FFS when RLF monitoring should start

Section 2.3:

5) In case of handover failure, we will use the re-establishment procedure towards the cell that the UE performs next access on (including source or target cell) in combination with contention based RACH access.
6) When handover failure is detected, the UE will use “best cell selection” to find the next cell to access. Some kind of restriction will be applicable (e.g. no other RAT type). Details FFS.
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