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1 Introduction
In RAN2#60bis meeting handover failure and its related process has been discussed for long time. The main left open issue is what is the condition to judge that handover is completed , named CondA. and if handover failure take place what shall UE do? Actually the condition to tell when handover failure happen shall also be clear. This document try to discuss these two conditions by going through the handover execution process and the recovery procedure after handover failure.
2 Discussion
2.1
Handover execution process
Once UE has received handover command message the whole handover execution process could be divided into 3 steps if handover failure is taken into account: 
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Figure 1: Handover execution
Step 1: once UE receive handover command message UE tune to the target cell. If handover is triggered by the measurement report from UE this step goes very quickly. But if the handover is triggered due to e.g. load balance then UE need to find the target cell and try to get downlink synchronization. it takes some time and it is also possible that the step1 will fail i.e. UE can’t  detect the target cell. One timer calledT1 is set to prevent UE detecting target cell for long time. Since normally this step last very short time, theT1 could be set pretty short. If UE can’t detect target cell beforeT1 expire then handover failure take place.
Step 2: after UE get downlink synchronization with target cell UE start accessing target cell by contention-based or contention-free random access procedure. one timer called T2 is set to protect this procedure. The timer is really necessary since so far RAN2 has agreed that RLC entity will not be reset except for re-establishment during handover and no discard timer is adopted for SRB. That means RLC will keep retransmitting the PDU containing handover complete before the PDU go through at the end. If UE can’t sent handover complete message beforeT2 then handover failure take place. in step 2 actually normal RLF can also run in parallel on target cell. But we intend to prefer not to couple these two process together. To detect RLF may help UE to start and stop transmitting handover complete message but it is more like UE’s internal operation rather than procedure between UE and eNB.
Step3: after handover failure happen UE turn to find a best cell to re-establish RRC connection. The best cell could be source cell or target cell or another prepared cell. It is up to the UE to decide which cell UE shall go because UE has some prior knowledge of the radio condition before handover. And since theT1 and T2 is not long these radio condition has not changed too much.
Proposal 1: two timers are set to protect detecting target cell and accessing target cell respectively.
2.2 Handover failure condition
Either step 1 and step 2 fails the handover failure take place. In figure1 the step1 is protected by timerT1. The main reason for setting this timer is to reduce the suspend time when UE can’t detect the target cell. If only one timer is set for step1 and step2 the duration of the timer must cover both step1 and step2. so if UE simply can’t detect the target cell UE can’t take any action but just wait the timer to expire. And thus introduce extra delay for this scenario. But if two timer is set then once UE can’t detect the target cell then UE can re-establish RRC connection as quick as possible. 
In step2 handover failure may occur beforeT2 expires. This is because random access procedure itself is controlled by related parameter e.g. maximum retransmission time. If RRC quit the random access after one ramping cycle or two (if dedicated preamble is used) then handover failure may occur beforeT2 expires. Another way is RRC does not quit after random access procedure fails. Then handover failure will take place when T2 expire and handover complete has not been sent successfully. The later alternative takes longer time. But if random access procedure fail due to collision because of high traffic load then it makes sense to try as much time as possible. So we think RRC layer in the UE shall not quit accessing target cell until T2 expires
Proposal2: RRC layer in the UE shall not quit accessing target cell untilT2 expires
Proposal3: handover failure will only take place whenT2 expires and handover complete has not sent successfully

2.3 What is CondA

There are 5 options were listed in the chairman’s minutes [1] for CondA:
a.  Receiving a HO command

b.  Obtaining DL Sync 

c.  Receiving UL grant for HANDOVER COMPLETE

d.  Receiving HARQ ACK on Msg3 in case of non-contention access

e.  After contention resolution is resolved for contention based case

Generally we believe CondA is that handover complete is sent successfully. And the success of transmission shall be verified at RLC layer i.e. once UE receive RLC ACK then handover is completed (option f).  
For option d, one concern is if no  RLC ACK is received after HARQ ACK , what shall UE do? UE may take this for normal radio link failure on the target cell, but is sounds not reasonable. The same concern can be raised on the option e. in user plane downlink transmission e.g. PDCCH can be resumed once eNB has acknowledged in HARQ level and it may happen before RLC ACK is to be sent. Another concern for option d is if handover complete is segmented shall UE collect all the HARQ ACK ?  and similar question can also be put on the option e like when does eNB start sending PDCCH, after receiving 1st HARQ packet or all ?
For option f, if handover complete is segmented then UE has to collect all the RLC ACK to make sure that whole handover complete message is transmitted successfully. It may introduce some delay for UE to make the decision and keep the old configuration a bit longer. But it doesn’t matter too much since the delay is very short. Furthermore it will not affect the delay in user plane i.e. downlink transmission is resumed as normal. 
Proposal 4: handover is completed once UE receive acknowledge of handover complete in RLC level.
2.4 Where shall UE go ?
In [1] 3 options are listed for UE behaviour in case of failure before CondA:
A. UE reverts to source cell; in case of failure, UE controlled mobility

B. UE reverts to best cell on source frequency

C. both a) and b) with network control

We think that UE shall revert to the best cell (option D) and the cell could be source cell or target cell or any other cell. we don’t see strong reason to limit UE from choosing cell in different frequency. 
the main mobility driver is radio condition i.e. UE shall be located in a cell with radio condition as well as possible. When handover take place normally source cell is not the best one. So it seems not reasonable to force UE always revert to the source cell after handover failure. Actually UE has the knowledge of the environment surrounding it via measurement activity before . and it shall be up to the UE to decide but not the network. Some companies also have concern on the delay due to reading system information if UE access the cell other than source cell . but again if the source cell is not the best one anymore UE will shift to another cell soon after it revert to the source cell and it need another round of handover preparation , execution and possible failure. Is it really what we want ?
Proposal 5: it is UE based mobility after handover failure take place
2.5 RRC connection re-establishment
One reason for option A in section 2.4 is it may take less time to resume old configuration compared to RRC re-establishment procedure. here we propose an alternative way to resume the old configuration via optimized re-establishment procedure. 
Once UE receive handover command it holds two set of configurations: one from source cell and one from target cell. When UE try to re-establish RRC connection with one eNB , the intended cell know its role very well i.e. it knows that it is source cell or target cell or any other cell by check the “shared secret” (old C-RNTI , cell id ) . so the intended cell can take action as below:

· If it is the source cell ,then it signal UE to resume old configuration through RRC connection re-establishment ;
· If it is the target cell, then it signal UE to resume new configuration through RRC connection re-establishment;

· If it is the prepared cell , then it signal UE normal RRC connection re-establishment 

In this way once UE revert to source cell or target cell the whole RRC connection re-establishment procedure will be very simple and quick. But still there is no new procedure is introduced. Figure 2 depicts the 3 procedures:
By the way this proposal can also be adopted for normal radio link failure case where only serving cell is available for UE to reselect and get access successfully.
Proposal 6: intended cell decide whether UE resume old(new) configuration or to run normal RRC connection re-establishment 
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Figure 2
3 Conclusion
Proposal 1: two timers are set to protect detecting target cell and accessing target cell respectively.
Proposal 2: RRC layer in the UE shall not quit accessing target cell untilT2 expires
Proposal 3: handover failure will only take place whenT2 expires and handover complete has not sent successfully

Proposal 4: handover is completed once UE receive acknowledge of handover complete in RLC level.
Proposal 5: it is UE based mobility after handover failure take place
Proposal 6: intended cell decide whether UE resume old(new) configuration or to run normal RRC connection re-establishment 
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