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1 Introduction

This contribution is discussing different failure scenarios at handover and concludes that there is a need to specifiy a handover failure procedure which is different from the radio link failure procedure defined in 36.300. This is needed for the scenario when the UE has received a handover command (RRC CONNECTION RECONFIGURATION) but fails to access the target cell. High level principles and procedure for this handover failure condition is proposed.

2 Analysis of failure scenarios
The following different failure cases are forseen:

· UE fails to receive the handover command and looses contact with the serving cell. 

· This case should be handled using the “normal” radio link failure procedure outlined in 36.300. The motivation for this is that the UE does not know if it would receive a handover command or not, meaning this cannot be a “handover failure” and is therefore is out of scope of this paper. 

· In this scenario the UE will stay in the source cell while timer T310 is running and then search for a suitable target cell if it fails to recover the radio link in the serving cell.
· UE receives the handover command with protocol errors

· This case should be handled using “normal” error procedures and is out of scope of this paper.

· UE receives the handover command (with no protocol error) but fails to access the target cell. 
· This scenario requires special handling compared to the “normal” radio link failure. See next section for more detailed discussion and motivation.
· UE receives the handover command (with no protocol error) and manages to access the target cell but later looses contact with the target cell.

· As long as the handover procedure is completed from the terminal point of view this should be considered as a “normal” radio link failure in the target cell and is out of scope.

· Note that the condition for completing the handover procedure needs special considerations which are discussed further in the next section.

3 Handover Failure 
Since there is always a risk that the radio link quality between the UE and the target cell could change during the handover preparation and execution procedure, there is a risk that the UE will not be able to access the target cell once it has got the handover command (RRC CONNECTION RECONFIGURATION). This could for instance be due to that the UE is no longer decode downlink control channel of the target cell or that the UL messages are lost. There is a need to specify in the E-UTRAN RRC how this case should be handled. 

Currently it is specified that the RRC CONNECTION RECONFIGURATION procedure ends as soon as the RRC CONNECTION RECONFIGURATION COMPLETE message has been delivered to the lower layers. If the same approach is taken for the handover procedure it would basically mean that the handover procedure is always successfully completed from the UE point of view (unless the term “delivered to lower layers” are more strictly defined).  This could lead to problems in those cases when the UE is not able to access the target cell, since this case with the current assumptios would then be considered as a radio link failure in the target cell.

· One problem with this is that the UE will use the target cell as the “serving” cell when attempting to perform a RRC connection re-covery in a new cell. This would most likely decrease the chances of recovering the RRC connection since the source cell and cells prepared by the source cell expect the UE to list the source cell as the “serving” cell.
· Another problem with relying on radio link failure in case of handover failure is that it would make it more difficult to tune radio link failure timer (T310) since it would need to apply both to handover failure and radio link failure which might have different characteristics (e.g. on might happen more often than the other).

· Another problem is that it would make it impossible to have different UE behaviour at handover failure compared to radio link failure. For example it might be desirable to have the UE revert back to the old cell in case of handover failure instead of trying a new cell which will most likely not have the UE context available.

Conclusion and proposal:

Proposal 1: There is a need to define a better criterion for when the handover procedure is completed (see proposal 3)
Proposal 2: There is a need to define a handover failure condition and procedure which is different from radio link failure (see proposal 4).
4 Handover Completion

There are a number of different conditions that can be used to tell the UE that the handover procedure is “completed”. Below are some possible solutions:

1. Handover is completed when the UE has achieved DL synch (or is able to decode some other DL information).
2. Handover is completed when the UE has received some DL information pertaining to some UL information sent in the target cell. Typically this could be when the UE has received a HARQ ack on MSG3 (and contention is settled). It could also be when the UE has received a response message to the RACH but that would only work in the case of dedicated pre-ambles.
3. Handover is completed when the UE receive an RLC ACK for the handover complete message.

Out of the solutions above solution 2 is preferred. 
· It has the advantage over solution 1 in that it is easy to specify an exact point at which the handover complete criterion is met. It also has the benefit that it verifies the UL performance before the handover procedure is completed which means that it is more likely that the handover really will be successful.
· Solution 3 has the disadvantage that it will take longer time to complete the handover procedure since the RLC ACK can be delayed. This can potentially delay other procedures (nesting RRC procedure should be avoided). It is deemed that solution 2 should be reliable enough.
Conclusion and proposal:

Proposal 3: It is proposed to define that handover completion is reached when lower layers tells RRC that the Handover Confirm message (RRC CONNECTION RECONFIGURATION COMPLETE) has been acknowledged on HARQ level (this also means contention resolution, and DL and UL synchronization has been achieved). 

5 Handover Failure Procedure
Below is a high level proposal for a failure procedure:

Upon reception of the handover command, the UE shall:

· Start timer Txxx (handover failure timer)
· Search for DL in target cell

· Send message to lower layers
· Wait for lower layer to respond that the messages has been acknowledged on HARQ level

· Stop timer Txxx

Upon expiry of timer Txxx the UE shall:

· Revert back to the old cell if instructed to do so in the handover command
· Initiated an 5.3.7
RRC connection re-establishment procedure in the source cell
In [1] it is argued that the UE should revert back to the best cell of the source frequency upon handover failure instead of the source cell as proposed in this contribution. This is based on the assumption that the source eNB has prepared multiple cells of the potential arrival of the UE. How the source eNB knows when to do this is quite unclear e.g. will it prepare multiple cells all the time or will it do it only in case the “handover complete” message over X2 is delayed which would most likely require longer handover failure timers. 
· Both solutions have drawbacks, and given that any radio link failure should be considered rare it is preferred to have a solution not requiring the source eNB to prepare multiple target cells.
In [1] it is also proposed that the handover command should include an indication (from the source eNB?) wether or not the UE should perform the handover failure procedure or not. This proposal can be seens as a potential optimization which would increase network control and improve the performance comparing to just using radio link failure in cases were it is not desirable to return to the source cell.  

· Given that the extra UE complexity of supporting this indication most likely will be low it is proposed to support this functionality. 

Conclusion and proposal:

Proposal 4: It is proposed to support the handover failure procedure outlined above, in which the UE upon failure to access the target cell shall (if indicated in the handover command) revert back to the source cell and try to access the source cell using the RRC connection recovery message.

Proposal 5: It is proposed to support an indication in the handover command from the source cell to the UE telling the UE if the UE should revert back to the source cell upon failure to access the target cell or if the UE should perform the RRC connection recovery in the best cell.

6 Conclusion

It is proposed to agree to the following proposals:

Proposal 1: There is a need to define a better criterion for when the handover procedure is completed (see proposal 3)
Proposal 2: There is a need to define a handover failure condition and procedure which is different from radio link failure (see proposal 4).
Proposal 3: It is proposed to define that handover completion is reached when lower layers tells RRC that the Handover Confirm message (RRC CONNECTION RECONFIGURATION COMPLETE) has been acknowledged on HARQ level (this also means contention resolution, and DL and UL synchronization has been achieved). 

Proposal 4: It is proposed to support the handover failure procedure outlined above, in which the UE upon failure to access the target cell shall (if indicated in the handover command) revert back to the source cell and try to access the source cell using the RRC connection recovery message.

Proposal 5: It is proposed to support an indication in the handover command from the source cell to the UE telling the UE if the UE should revert back to the source cell upon failure to access the target cell or if the UE should perform the RRC connection recovery in the best cell.

It is also proposed to agree to the specification changes to 36.331 in the Annex. 
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Annnex text proposal to 36.331 (changes to CR 001 version 2):

5.3.6
Handover

NOTE
The UE performs the handover as soon as possible following the reception of the RRC message triggering the handover, which could be before confirming successful reception (HARQ and ARQ) of this message
5.3.6.1
Initiation
The UE shall:

1> start timer Txxx
1>
store the current radio and security configuration while timer Txxx is running
1>
if no dedicated preamble was provided (signalling details are FFS) OR
1> if a dedicated preamble expiry time was provided and the indicated expiry time has elapsed (signalling details are FFS):

2> perform the initial access procedure as specified in [TS 36.321], using a randomly selected common preamble;

1>
else:
2> perform the initial access procedure as specified in [TS 36.321], using the indicated dedicated preambles;

Editors note
In case the above is the only action upon expiry time, it seems preferable to specify this in 36.221. However, it is presently unclear how contention is handled after the expiry time.


1> If the RRC CONNECTION RECONFIGURATION message includes the IE Security configuration: 

2>
apply the AS-derived keys associated with the AS-base key indicated by the IE ‘Key indicator’;

2>
configure lower layers to apply the indicated integrity protection algorithm immediately i.e. the new algorithm shall be applied to all subsequent messages received and sent by the UE in the target cell including the message used to indicate the successful completion of the procedure;

2>
configure lower layers to apply the indicated ciphering algorithm immediately i.e. the new algorithm shall be applied to all subsequent messages received and sent by the UE in the target cellincluding the message used to indicate the successful completion of the procedure;

1> if the radio configuration to be used in the target cell is specified as a delta to the one used in the serving cell (signalling details are FFS):

2> act upon the received radio configuration, excluding the physical layer configuration, in accordance with 5.3.9, as specified for the case of a ‘modification’;

2> act upon the received physical layer configuration in accordance with 5.3.9.2.

1> else:

2> act upon the received radio configuration in accordance with 5.3.9.2.

1> reset the RLC and MAC;

NOTE
The handling of the radio bearers after the success completion of handover, e.g. the re-transmission of unacknowledged messages and/ or PDCP SDUs (as well as the associated status reporting), the handling of the SN and the HFN, are specified in [8]

1>
set the contents of RRC CONNECTION RECONFIGURATION COMPLETE message as follows:

2>
Tbs (only setting of the contents related to handover, if any)
1> deliver the RRC CONNECTION RECONFIGURATION COMPLETE message to lower layers

1> wait for lower layers to confirm that the RRC CONNECTION RECONFIGURATION COMPLETE message has been acknowledged by the reception of a HARQ ack

1> stop timer Txxx

1> delete the radio and security configuration associated with the source cell

5.3.6.1
Txxxx expiry
Upon Txxx expiry, the UE shall:
1> If the RRC CONNECTION RECONFIGURATION message that triggered the handover contained a return to source cell IE set to true:

2> return to the source cell using the stored radio and secuitiy configuration
2>
perform the RRC connection re-establishment request procedure as specified in 5.3.7

1> else:

2> perform the cell selection process as specified in [4];
2>
perform the RRC connection re-establishment request procedure as specified in 5.3.7
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