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1 Introduction
There was much discussion on Handover failure handling in RAN2#61 (based on [1]) and some agreements were reached. Here we seek to discuss and close the main open issues:

1. Definition of handover success (currently this has been narrowed down to two options).
2. Details of re-establishment if handover fails; specifically what “configuration” is used.

3. When RLF monitoring is started.
2 Discussion
2.1 Definition of Handover Success

Discussion on Handover failure handling in RAN2#61 led to the following agreements (definitions of A3, A5, A6 and CondA can be found in [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.
The above statements are somewhat contradictory, but our understanding of the agreement is that handover success is defined as one of:

1. Reception of RACH response (A3)

2. Some combination of 

a. reception of HARQ Ack to the RRC Reconfiguration Complete (A5)

b. First PDCCH reception in the target cell (A6)
When contention based preambles are used, contention resolution is not complete at A3 and it is premature to consider the handover successful. Reception of a HARQ Ack to the RRC Reconfiguration complete does not mean that the eNB has processed the message and successfully resolved the contention. So A5 has the same problem as A3 and is not suitable for considering the handover successful. 
As noted in [1], using the first PDCCH transmission allows for unambiguous contention resolution and therefore A6 is the preferred point for considering a handover successful. The eNB transmits an RLC Ack to the RRC Reconfiguration complete and this is likely to be the first PDCCH addressed to the UE. Thus the duration before the first PDCCH transmission is received is expected to be small. Even if there is an UL transmission prior to reception of the RLC Ack, resources for the UL transmission have to be assigned in the PDCCH. 
When dedicated preambles are used, it has been suggested that handover can be considered successful at A3. While this is true in principle, it is worth considering failure scenarios to see how this would work:
1. If a failure occurs before A3, it is considered a handover failure and it is understood that UE will select best intra-LTE cell to access (details are FFS) and perform RRC reestablishment.

2. If failure occurs after A3 but prior to A6, it is considered a radio link failure but the UE’s options are limited. The target cell has not yet prepared neighbors for an RLF recovery for the UE. Since the handover is considered complete, the UE may not be able return to the source cell (UE’s context may not be available). The only cell on which the UE can perform recovery procedures is the target cell. This is illustrated in Figure 1.
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Figure 1 : Dedicated preamble Handover with success at A3
Based on the above observations, we think there is little value in declaring an early handover success at A3 for dedicated preambles. This would require special handling for failures that occur between A3 and the time when neighbors are prepared for RLF recovery. 
Proposal 1: UE shall consider a handover (regardless of whether a contention based preamble or a dedicated preamble was used) to be successful when the first PDCCH transmission addressed to the UE is received.
2.2 Recovery upon Handover failure
The following agreements were reached on the issue of recovery upon handover failure:
1. 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.

2. 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.
It was discussed at RAN2#61 that there may need to be some kind of restriction regarding how the UE selects the cell on which to attempt the connection re-establishment procedure.

As commented during the discussion we think that the specification should not simply refer to the cell selection procedure defined in 36.304. The cell selection procedure requires the UE to search all bands and RAT to find a suitable cell and a compliant implementation could, for example, select a UTRA cell to camp on even if an E-UTRA cell is available. After handover failure or radio link failure it is always preferable that the UE selects a E-UTRA cell if one is available so there is a chance that the RRC connection can be re-established. Based on similar considerations the UTRA specifications requires the UE to "select a suitable UTRA cell on the current frequency " at radio link failure.

For handover failure, we propose that the UE selects a suitable E-UTRA cell on the target frequency. The motivation for choosing the target frequency is that in the case of a coverage triggered inter-frequency handover (i.e. UE moving out of coverage of the current carrier frequency) the UE is most likely to find a suitable E-UTRA cell on the target frequency. This implies that if the eNB is going to perform multi-cell preparation then the preferable implementation would be to prepare other cells on the target frequency.

If the UE fails to find a suitable E-UTRA cell on the target frequency then the following behaviours are possible:

· UE selects a suitable E-UTRA cell on the source frequency. The argument to looking in the source frequency is that the UE might find a prepared cell on this frequency (at least the source cell will have the UE's context) although the possibility of finding a suitable cell in the case of a coverage triggered inter-frequency handover is quite low.
· UE selects a suitable E-UTRA cell on any frequency (UE implementation could of course choose to search on the source frequency first). However, other than on the source and target frequency it seems very unlikely that the UE will find a prepared cell.
· UE abandons the attempt to re-establish the RRC connection, enters idle and performs cell selection (as defined in 36.304) which could of course take the UE to another RAT. The prioritisation of RATs and frequencies is completely up to UE implementation. This could be the quickest way for the UE to return to service, even though the call with have been dropped.

In general, attempting re-establishment when the likelihood of a cell being prepared is low, leads to rejected re-establishment attempts and unnecessary delays in returning to service. Therefore our preference is for the 3rd option. 

Proposal 2: When handover failure is declared the UE attempts to select a suitable E-UTRA cell on the target frequency. If the UE fails to find a suitable E-UTRA cell on the target frequency then the UE enters idle.
During a handover, Intra-frequency measurements continue during the handover process, but inter-frequency measurements require measurement gaps and cannot be continued. Thus when there is a failure of an intra-frequency handover, UE has up-to-date measurements to select the suitable cell per proposal 2. However, in the case of an inter-frequency handover, since UE does not perform any inter-frequency measurements during the handover, UE’s measurements of the target frequency may be slightly out-of-date. In this case UE may need to perform new measurements on the target frequency before choosing a suitable cell per proposal 2.
Proposal 3: Selection of a suitable cell upon failure of an inter-frequency handover can be based on measurements performed after the handover failure.
With respect to the recovery from HO failure, while it has been agreed that RRC re-establishment will be used, contents of the RRC re-establishment message are yet to be discussed. One option is to use the post-handover identities, i.e., C-RNTI in the target cell (assigned in the HO command) and the physical cell id of the target cell. The other option is to use the pre-handover identities, i.e., C-RNTI in the source cell and physical cell id of the source cell. The first option could be problematic, because the neighbours that are prepared for handover failure identify the UE by its C-RNTI in the source cell. The target cell is unlikely to have had time to prepare cells for RLF at the time of handover failure. Thus we believe the second option is the only practical approach in this case.
Proposal 4: The RRC re-establishment request used for HO failure recovery includes C-RNTI used in source cell, physical ID of the source cell and the authentication code is set to MAC-I used in the source cell.
2.3 Handover timer (T_Handover), Preamble reservation Endtime and Handover re-attempts
With respect to timers during handover, the following has been agreed:
1. 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. 

In addition to using T_Handover, there has been discussion about monitoring RLF (continuing T310, followed by T311) during handover. The intention behind this is to detect radio link problems to the target cell after DL synchronization is achieved but before handover is successful. The following points should be taken into account:
· The time to receive the first PDCCH transmission in the target cell is likely to be short (~100 ms) given that the eNB has to send an RLC Ack to the HO complete message. 

· While procedures for recovery from radio link failure have been defined, exactly what constitutes a radio link failure is as yet undefined. Our opinion is that detection of RLF will require measurements collected over a period of 100-200 ms (significantly shorter periods may not provide an accurate representation of the link and significantly longer periods are likely to imply large delay in detecting failure). 

Based on the above, our view is that the value in attempting to detect Radio link failure after DL synchronization is achieved and before handover is successful is questionable. We suggest that as a working assumption we use T_Handover alone to detect handover success or failure. This issue can be revisited after RLF is defined and if RLF can be detected on smaller time scales than the typical duration to receive RLC Ack.
Proposal 5a: As a working assumption T310 and T311 are stopped (if they are running) when HO command is received and restarted when HO is considered complete (when first PDCCH transmission is received in the target cell).
Proposal 5b: RLF monitoring prior to handover success can be revisited after RLF definition is agreed if it is clear that RLF detection can be done on significantly shorter timescales than the 100 ms. 
Proposal 5c: RLF monitoring on the target cell shall be started upon reception of the first PDCCH transmission addressed to the UE.
It has been agreed that T_Handover (T304) is started when the HO command is received.The T_Handover timer should allow the UE to attempt the RACH procedure on the target cell multiple times. Based on what is agreed, the following proposal should be easy to agree if Proposal 1 is acceptable.
Proposal 6: T_Handover is stopped when first PDCCH transmission addressed to the UE is received.
An additional issue is regarding when the UE stops the RACH attempts to target. The following options are considered:
1. UE continues RACH attempts until T_Handover expiry or until a fixed time offset before T_Handover expiry

2. UE uses the Preamble reservation end time if it is signaled in the HO command (signaling of the end time is optional and applies only when a dedicated preamble is used)
3. UE is allowed a maximum number of RACH attempts

It should be noted that in order to use the preamble reservation end time, UE needs to know the SFN in the target cell. It has been agreed that the target cell SFN is not provided to the UE at handover and the UE is not expected to read the SFN from the target cell [2]. Also, if T_Handover is used, it does imply a limit on how long the UE continues to RACH. Although T_Handover and the preamble reservation duration are different quantities, it is not clear why T_Handover would be insufficient. If the intention is to strictly limit the UE to a certain number of RACH attempts, then a maximum number of RACH attempts should be signaled or specified.
Proposal 7: Preamble reservation end time is not transmitted in the Handover command.
2.4 Configuration upon Handover failure

The Handover command (RRC Reconfiguration message) is constructed by the target eNB. It can modify various parameters in the UE – specifically RLC and PDCP configuration and measurement configuration. The source eNB does not know the configuration changes performed by the target eNB in the HO command. It should also be noted that the UE applies the new configuration provided in the HO command only when the handover is successful.
As shown in section 2.1, during the handover process the target eNB has not had an opportunity to prepare cells for radio link failure recovery. The source eNB may have prepared some cells for recovery from RLF or handover failure; however, the configuration information provided to these prepared cells is the configuration of the UE in the source cell. Therefore upon handover failure, the UE should revert to the configuration it used in the source cell.
Proposal 8: Upon handover failure, UE reverts to RLC, PDCP and measurement configurations it used with the source cell.
3 Conclusion
An analysis of various issues related to handover failure has been presented. It is suggested that RAN2 discuss and agree on the following proposals:
Proposal 1: UE shall consider a handover (regardless of whether a contention based preamble or a dedicated preamble was used) to be successful when the first PDCCH transmission addressed to the UE is received.
Proposal 2: When handover failure is declared the UE attempts to select a suitable E-UTRA cell on the target frequency. If the UE fails to find a suitable E-UTRA cell on the target frequency then the UE enters idle.
Proposal 3: Selection of a suitable cell upon failure of an inter-frequency handover can be based on measurements performed after the handover failure.
Proposal 4: The RRC re-establishment request used for HO failure recovery includes C-RNTI used in source cell, physical ID of the source cell and the authentication code is set to MAC-I used in the source cell.
Proposal 5a: As a working assumption T310 and T311 are stopped (if they are running) when HO command is received and restarted when HO is considered complete (when first PDCCH transmission is received in the target cell).

Proposal 5b: RLF monitoring prior to handover success can be revisited after RLF definition is agreed if it is clear that RLF detection can be done on significantly shorter timescales than the 100 ms. 
Proposal 5c: RLF monitoring on the target cell shall be started upon reception of the first PDCCH transmission addressed to the UE.
Proposal 6: T_Handover is stopped when first PDCCH transmission addressed to the UE is received.
Proposal 7: Preamble reservation end time is not transmitted in the Handover command.

Proposal 8: Upon handover failure, UE reverts to RLC, PDCP and measurement configurations it used with the source cell.
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