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1.  Introduction
In RAN2#60bis, handover failure handling was discussed [1-6], which lead to the following agreements:

· There is the condition “CondA” for a succesful handover.

· After CondA is met, RLF is treated as RLF in the target cell. UE does not revert to the source cell configuration (normal operation in the target cell).

· If failure is detected before this CondA is met, further details are FFS.

The following open issues were left for further discussion by email:
· What is the condition (CondA) for successful handover?
· How long does the UE try in target cell?

· In case of failure before CondA, what cell/frequency does the UE attempt, with what procedure and what configuration does it have?

· Should the source cell keep the dedicated configuration for some time? (UE context should be kept of course.)

· More detaled aspects, e.g., what timers are used?

This paper summarises the email discussion on the above issues that took place on the RAN2 email reflector between RAN2#60bis and #61.

2. Discussion
2.1  Condition for successful handover
Figure 1 shows the baseline handover procedure that has been agreed. The first question to be answered is what is the condition “CondA” for a successful handover. It has been agreed in RAN2#60bis that after having met this condition, the UE shall not revert to the configuration before the handover, and any failure will be treated as a failure in the target cell. That is, the target cell shall be treated as the new source cell, after this condition.
Currently, 36.331 states that for the reconfiguration procedure (in general), the UE sends the RECONFIGURATION COMPLETE message using the new configuration, and upon submitting the COMPLETE message to lower layers for transmission on the UL, the procedure ends [7]. If this principle is followed, the handover procedure would end when the COMPLETE message is sent to lower layers (A4). As handover involves path switching at the MME, it seems important that the UE assumes the procedure to be successfully complete only after it is sure that the COMPLETE message is correctly delivered to the target cell. Relying on HARQ Ack (A5) seems to be insufficient due to several reasons, i.e., possible Nack => Ack error, complexity when COMPLETE message is segmented, and contention in case of access by random preamble. If a random preamble is used, the UE can assume successful handover only after potential contention is resolved, that is, when the UE receives a PDCCH addressed to its C-RNTI (A6). In contrast, when a dedicated preamble is used, in the earliest case, it would be possible that the UE assumes successful handover by receiving the RA response at target (A3). Nevertheless, it is thought that the target eNB initiates path switch only after receiving the COMPLETE message.
Alternatively, if the UE is never to revert to the old configuration once receiving the handover command, in the extreme case, the UE can assume that CondA is met upon receiving the handover command. This will however not ensure that the path is properly switched at the MME.

In any case, it seems that the current specification [7] “the procedure ends when the COMPLETE message is delivered to lower layers” needs some more thinking for the handover case.
The following question shall be answered:

Q1:  What is the condition “CondA” for a successful handover?

Company views:

· DoCoMo/ Qualcomm/ Ericsson(?):  CondA = A6 (first PDCCH reception at target) for both contention/ non-contention access;
· Texas Instruments:  CondA = A6 (first PDCCH reception at target) for contention access, and A3 (RA response) for non-contention access;

· Panasonic/ CATT/ ZTE:  CondA = A7 (all PDUs containing “HO complete” are acked by RLC);
· Infineon:  CondA = A3 (RA response) for both contention/ non-contention access.
Main alternatives:

In summary, there seems to be two main alternatives:

Table 1  Main alternatives for “CondA” (successful handover).

	Alternatives
	Alt.1: Successful completion of RACH procedure
	Alt.2:  All PDUs containing “HO complete” are acked by RLC

	Pros
	- No need for UE to revert to old configuration when UP resumes.
	- Guaranteed delivery of “HO complete” (and path switch should be triggered).

	Cons
	- Not entirely sure if “HO complete” has been delivered (i.e., not sure if path switch has been triggered).
	- Possibility of reverting to old configuration even after UP resumes, if RLF occurs before RLC ack;
- Some UE complexity.

	Remarks
	- Whether A3 or A6 still needs to be clarified.
	

	Supporting companies
	DoCoMo, Qualcomm, Ericsson, Texas Instruments, NSN, Infineon
	Panasonic, CATT, ZTE


Proposed way forward:

· It seems that the difference in performance is insignificant (not much difference from delay perspective). As such, maybe the decisive issue can be the inherent complexity. More pros/cons for Alt.1 and 2 can be identified, so that other companies can indicate their position. To be decided by RAN2#61?

Agreements:

· TBD
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Fig.1  HO procedure, successful.

2.2  Accessing the target cell

The UE should be given sufficient chances to access the target cell, so that the handover is more likely to succeed. The UE should be able to try multiple times to transmit the RA preamble and the RECONFIGURATION COMPLETE message. However, the UE should be able to take appropriate next actions, if target access seems unfeasible. Either a timer or a counter (or both) can be used for this purpose. It seems that a number of companies are proposing to use a timer (namely T10 [3], for convenience). If a timer is to be applied, when to start/restart the timer needs to be clarified. During this timer, it seems reasonable to limit access attempt only in the target cell, as the handover success rate will drop if the UE is allowed to access other cells during this time.

The following questions should be answered:

Q2-1:  What are the timers/counters used in the attempt to access the target cell?

Q2-2:  Should the UE attempt access only in the target cell before expiry of this timer/counter?

Q2-3:  When should the timer/counter be started/restarted?

Company views:

· DoCoMo/ NEC:  T310 is started/restarted when the UE detects “radio problem” in L1 at the target cell [4]. T310 can be first started upon reception of the handover command [FFS]. T310 is stopped if “radio recovery” is detected, and restarted each time a “radio problem” is detected in the target cell. There is no specific RRC timer applicable to handover other than T310, and the UE simply tries to send “HO complete” unless RLF is detected.
· Samsung:  Following handover there is not a much higher likelihood that the radio link ping-pongs between in and out of service. Hence, there does not seem to be a real need for a specific timer to monitor how long the UE should try on the target cell (i.e., RLF handling seems sufficient).
· Qualcomm:  Similar to DoCoMo/ NEC but there should also be a reliability timer until when the UE can try sending the “HO complete.” It is FFS whether the reliability timer is handled in RRC or MAC.
· Panasonic:  A timer (T_handover) should be defined in RRC that is started when the UE submits the “HO complete” to lower layers. During T_handover the UE tries to send “HO complete.” The timer is shorter than T310, and hence, no RLF detection is performed during this timer.
· CATT:  A timer (T_handover = SDU discard timer) should be defined in RRC that is started when the UE submits the “HO complete” to lower layers. (When asked how RLF detection is handled during T_handover, there was no answer. Also, it was clarified in the email discussion that SDU discard timer does not apply to SRBs.)
· Huawei/ Texas Instruments/ ZTE:  A timer (T_handover) should be defined in RRC that is started when the UE receives the HO command [3]. (When asked how RLF detection is handled during T_handover, there was no answer.)
· Ericsson:  A timer (T_handover) should be defined in RRC that is started when the UE receives the HO command, that guides how long the UE can try accessing the target cell. Using a single value of T310 may not be the most optimal solution to cover both for HO failure and regular RLF.
· NSN:  NSN sees the need to maintain T310. However having a single timer value for both RLF handling and HO failure might lead to limitations and in particular cause unnecessarily long delay in detecting HO failure. NSN therefore supports the proposal of an additional shorter timer.
· Infineon:  A timer should be started when the HO command is received and should be stopped when CondA is fulfilled (i.e., A3). Upon expiry the UE shall revert back to the source cell. The RLF scheme is not applicable for the HO failure handling and the timer to supervise the UL synchronisation has no relationship to T310.
Main alternatives:

In summary, there seems to be three main alternatives:

Table 2  Main alternatives for accessing the target cell.

	Alternatives
	Alt.1: Use “T310” only
	Alt.2: Use “T310” and “T_handover”
	Alt.3: Use “T_handover” only

	Pros
	- Very simple (the same as normal RLF procedure);

- Relies on radio condition.
	- Relies on radio condition;

- Aborting from target cell is possible without detecting RLF, in case the target was unaccessible.
	- Short interruption and fast recovery to the source cell is possible.

	Cons
	- RLF need to be detected to stop sending “HO complete.”
	- Some UE complexity.
	- Reduced handover success rate.

	Remarks
	
	- Can be regarded as an optimisation of Alt.1?
	

	Supporting companies
	DoCoMo, NEC, Samsung
	Qualcomm, Ericsson, Panasonic, NSN, 
	Infineon

	
	
	(Huawei?, Texas Instruments?, ZTE?, CATT?)


Proposed way forward:

· It seems the use of “T_handover” can be regarded as an optimisation of Alt.1 (although it seems Infineon has a different view)? As such, the proponents can clarify further what are the main benefits of having this timer. If there are strong motivation and support, we can introduce this timer.
· It seems that we can at least agree that the UE only tries access in the target cell, before expiry of T310 or T_handover.
Agreements:

· TBD
2.3   HO failure recovery
Given that a certain timer is applicable in the attempt to access the target cell, if CondA is met before the timer expiry, the handover is assumed to be successful. If this is not the case, the UE can assume that a handover failure has occurred. The next question is what should the UE do after expiry of the timer, i.e., CondA was not met before the timer expiry. There seems to be two main candidates:
Approach 1:  The UE sends an “RRC RECONFIGURATION FAILURE” message to the source cell.
Approach 2:  The UE sends an “RRC RE-ESTABLISHMENT REQUEST” message to a selected cell.

The key question to be answered are:

Q3:  Which approach should be adopted after detecting a handover failure, Approach 1 or 2?

Company views:

· DoCoMo/ NEC / Qualcomm/ Panasonic/ ZTE/ Ericsson:  Approach 2 (use of the re-establishment procedure) is preferred [1][2][4]. (Note that detection of handover failure is equivalent to detecting RLF at target with DoCoMo/ NEC proposal.)
· Texas Instruments:  After T_handover expiry a timer T1 is started, and the UE tries to transmit “RECONFIGURATION FAILURE” to the source cell (Approach 1). After T1 expiry a timer T2 is started, and the UE performs cell selection and tries to transmit “RE-ESTABLISHMENT REQUEST” in the selected cell (Approach 2). T1/2 can be scaled from T310/311. Texas Instruments slightly prefers RECONFIGURATION FAILURE message as it completes the RRC reconfiguration procedure logically. However, if the UE reverts to the source, it is most likely going to do a RACH procedure. In that case, Texas Instruments agrees that it might be logical to do an RE-ESTABLISHMENT REQUEST.
· CATT:  The UE should select the source cell after T_handover expiry. (It was unclear whether the company insisted on Approach 1 or 2.)
· NSN:  The complexity should be kept low. Alignment with normal RLF handling procedure is therefore preferred for intra-LTE HO.
· Infineon:  Approach 1 is preferred, as the source cell should maintain the allocated resources/connection and the UE shall revert back if T_handover expires.
Main alternatives:

In summary, there seems to be three main alternatives:

Table 3  Main alternatives for failure recovery.
	Alternatives
	Alt.1:  Use “RECONFIG FAILURE” (Approach 1)
	Alt.2: Use “RE-EST REQUEST” (Approach 2)
	Alt.3: Use “RECONFIG FAILURE” for T1 (Approach 1) then “RE-EST REQUEST” for T2 (Approach 2)

	Pros
	- UE can try recovery in the source cell that surely has UE context.
	- Aligned with RLF procedure.
	- UE can prioritise recovery in the source cell that surely has UE context.

	Cons
	- Risk of longer interruption if both target and source were wrong cells;
- Some complexity?
	- Risk of losing connection if UE accesses an unprepared cell.
	- Risk of longer interruption if both target and source were wrong cells;

- Some complexity.

	Remarks
	
	- Cell selection rules are FFS (e.g., it is possible that the source cell is prioritised).
	

	Supporting companies
	Infineon
	DoCoMo, NEC, Qualcomm, Panasonic, ZTE, Ericsson, Samsung, NSN
	Texas Instruments


Proposed way forward:

· Since the majority is supporting Alt.2, can Alt.2 be taken as a working assumption? This is one of the main issues to be decided by RAN2#61.
Agreements:

· TBD

To better understand the two approaches, each case is elaborated in the sequel. It might be better to answer Q3 after having understood the details/implications of the two approaches.

2.3.1  Approach 1: Reconfiguration failure procedure
This is the case where an “RRC RECONFIGURATION FAILURE” message is used to recover the failure. As this is to revoke the “RRC RECONFIGURATION” and to recover the prior configuration, this message should only be sent to the source cell. The likely procedure is illustrated in Fig.2.
Currently 36.331 specifies that “RRC RECONFIGURATION FAILURE” is sent on DCCH using RLC-AM. As such, the UE needs to obtain a dedicated UL grant to transmit this message. Upon fulfilling certain condition “CondB,” (which shall be clarified if this procedure is adopted, with candidates being the instances B1-B4 in Fig.2), the reconfiguration (handover) procedure ends, in this case, unsuccessfully. The UE should then revert to the original configuration. It can be assumed that further reconfiguration is necessary in some cases e.g., in order to allocate dedicated resources for UL feedback. It is assumed that the UE falls to RRC_IDLE if CondB is not met within a certain timer, i.e., T11 in Fig.2.
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Fig.2  HO failure recovery, approach 1.

Some questions can be asked regarding Approach 1:

Q4-1:  Should the UE access by RACH or by dedicated resources? Should the source cell keep the dedicated resources for this purpose?
Q4-2:  What are the timers/counters used in the attempt to access the source cell (until when can the UE send the FAILURE message before going to RRC_IDLE)?

Q4-3:  What is the condition “CondB” to stop the timer/counter when the UE remains in RRC_CONNECTED?

Q4-4:  What happens if a “radio problem” or RLF is detected during T11?

Company views:

· Texas Instruments:  After T_handover expiry the UE should revert to the source cell and start timer T1. Before T1 expiry the UE tries to send “RECONFIGURATION FAILURE” to the source cell. No strong opinion on whether to use RACH or dedicated resources (if they are maintained at the source cell). T1 is similar to T310, i.e., same as RLF procedure except that T1 can be scaled from T310.
· Panasonic:  Prefer not to have reconfiguration failure procedure. However, if this is supported, the UE should always start from RACH, since maintaining timing alignment with source cell introduces some UE complexity.

· DoCoMo:  For the normal (non-handover) case the UE can only access by RACH if the UL synchronisation timer expires, i.e., the timer that is started at the last reception of the TA command. After the timer expiry, the eNB releases the dedicated resources. For the handover case, in theory, the source cell can keep the dedicated resources until expiry of the synch timer (i.e., since last sending of the TA), and the UE can access by dedicated resources if the synch timer has not expired upon returning to the source cell. But this will require the UE to maintain the synch timer and also the timing info of the source. The UE may as well receive RA response at the target cell, which includes a new TA. All these will cause some complexity in the UE, and after all the benefit is quite small. Also, it will introduce two procedures, since the one using RACH is anyway needed, as the network is never sure when the UE received the last TA at the source. As such, use of dedicated resources after reverting should be avoided. This also applies in case of Approach 2 when the UE selects the source cell.
· Inifneon:  The dedicated connection/resources should be maintained in the source cell, and the UE should apply the normal rules for UL, i.e., when to assume that UL synchronisation is lost. Hence, the UE can request UL resources by either SR or RACH or be granted UL resources by the network as normal. The normal RLF procedure should be applied on the source cell when the UE tries to transmit RECONFIG FAILURE.
Proposed way forward:

· 
· It seems all companies except Infineon assumes that the UE accesses by RACH upon failure detection and that the dedicated resources are (re)allocated after successful recovery, regardless of Approach 1 or 2. Unless any serious concern is identified, can this point can be captured as an agreement?
Agreements:

· TBD

2.3.2  Approach 2: Re-establishment procedure

This is the case where the UE selects a cell upon expiry of T10 (i.e., “T_handover” or “T310”), and uses an “RRC RE-ESTABLISHMENT REQUEST” message to recover the failure. This message can be sent to any (suitable/acceptable) cell, and is sent by CCCH without MAC, RLC, and PDCP headers (according to the current agreement). The procedure is shown in Fig.3, which is in principle the same as the RRC re-establishment (RLF recovery) procedure [7]. The current agreement is that the RE-EST REQUEST message is sent on CCCH using no MAC/RLC/PDCP headers [7]. It is assumed that a random preamble is used on RACH to access the selected cell, in order to transmit the RE-EST REQUEST message. The UE shall fall to RRC_IDLE if the procedure is unsuccessful. (The detailed condition “CondC” for the procedure to be successful shall be defined as part of the RLF recovery procedure, in general. Currently, the timer T311 and counter V301 are used to describe the procedure in 36.311).
A question that needs to be answered is in which cell should the UE perform the re-establishment procedure. In [5] it was suggested that the UE should select the best cell on the source frequency in order to comply with the best radio principle and avoid interference. It can be noted that this will however forbid the UE from selecting the target cell, in case of inter-frequency handover. Note that any restrictions as to which cells the UE can select upon RLF (for the “normal” RLF) is yet unclear.
Another question that needs to be answered is what configuration does the UE apply when sending the RE-ESTABLISHMENT REQUEST message, and after having completed the procedure. The current assumption about handover is that the target cell generates the contents of reconfiguration, which is transparently delivered to the UE by the handover command. As such, the eNB does not look into the contents of reconfiguration. The target eNB may command some configurations (e.g., security algorithm) not supported by the source cell, or irrelevant in the source cell (e.g., measurements). The prepared cells other than the target cell are also unaware of what the target cell has issued, which may anyway be irrelevant. As such, it seems reasonable to assume that, under the current assumptions, the UE transmits the RE-EST REQUEST message using the old configuration, at least when accessing a cell other than the target. However, if the current assumptions are revisited, i.e., if the preparation is done using the new configuration generated by the target cell and the configuration can be analysed at the source or other cells, keeping the new configuration is also possible.
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Fig.3  HO failure recovery, approach 2.

The following questions can be asked regarding Approach 2:

Q5-1:  In which cell should the UE perform the re-establishment procedure, e.g., the best cell on the source frequency?

Q5-2:  What configuration does the UE apply when sending the RE-ESTABLISHMENT REQUEST message and after having completed the procedure?

Company views:

· DoCoMo/ NEC/ ZTE:  The UE should select the best cell following the specifications in 36.304. Since the source cell must have triggered the handover based on radio conditions taking into account the hysteresis and time-to-trigger, the source cell is not always the best cell in terms of radio.

· Huawei:  The UE should select the suitable best cell from what is indicated in the cell reselection parameters in the source cell [3].

· Ericsson:  It should be possible to configure by the handover command whether the UE should select the source cell or the best cell [2].
· Samsung:  A simple solution without different options should be adopted. Returning to the source cell (as in UTRA) is slightly preferred because of some advantages (e.g., eNB definitely has the context, the UE may not need to read system information, full network control).
· Qualcomm:  The UE should select the best cell on the source frequency [5], since the source cell for sure has the UE context, and the recovery will most likely succeed if the UE selects the source cell. It would be possible for the network to detect which configuration the UE has, from the “old cell ID” included in the “RE-EST REQUEST.”
· Panasonic:  The UE should select the best cell on the target frequency, since the network wants to move the UE to that frequency. The network would typically initiate handover to a higher priority frequency. Since handover itself implicitly indicates priority between frequencies for the UE, it is a natural consequence if the UE selects the best cell on the target frequency. The UE should apply the old configuration when transmitting “RE-EST REQUEST,” since the “HO complete” has not been delivered to the network. How much configuration should be reused after the failure recovery would be another issue after detailed parameters are identified.
· Texas Instruments:  After T_handover expiry the UE should revert to the source cell and start timer T1. Before T1 expiry the UE tries to send “RECONFIGURATION FAILURE” to the source cell (Approach 1). After T1 expiry a timer T2 is started, and the UE performs cell selection and tries to transmit “RE-ESTABLISHMENT REQUEST” in the selected cell (Approach 2). T1/2 can be scaled from T310/311.
· NSN:  As the UE behaves according to 36.304 it will return to the serving cell if the quality is sufficiently high. Specifying specific solutions for any priorization should be avoided. For Inter-RAT HO cell selection may take quite long. In this case the UE should return to the previous cell.
· Infineon:  The usage of cell (re)selection criteria to determine an alternative target cell contradicts to a main (agreed) principle of the HO and the re-establishment procedure: the target cell must be prepared by network, i.e., no forward handover will be used in LTE. An autonomous selection of the target cell has the risk that the UE access an unprepared cell, leading to abortion of the connection. The HO should be triggered soon enough, to ensure that in most cases after the HO failure is detected, the source cell is still suitable enough to resume the connection. As the return to the source cell seems to be the most promising solution to maintain the connection, and to keep the solution simple, the UE should always revert back to the source cell in the HO failure case.
Main alternatives:

In summary, there seems to be four main alternatives:

Table 4  Main alternatives for cell selection upon failure detection.
	Alternatives
	Alt.1: Best cell, as specified in 36.304
	Alt.2: Prioritise source cell
	Alt.3: Prioritise source frequency
	Alt.4: Prioritise target frequency

	Pros
	- Aligned with normal RLF procedure;
- No need to define specific rules.
	- UE can try recovery in the source cell that surely has UE context;
- Fast recovery may be possible.
	- UE is more likely to select the source cell that surely has UE context.
	- UE is more likely to move to the target frequency, where the network wanted it to be.

	Cons
	- UE needs to read SI if cells other than the source and target are selected.
	- Risk of longer interruption if the source cell was in poor radio;
- Need to define specific rules (e.g., what is meant by “prioritise”).
	- UE is less likely to move to the target frequency, where the network wanted it to be;
- UE needs to read SI if cells other than the source and target are selected;
- Need to define specific rules (e.g., what is meant by “prioritise”).
	- Risk of longer interruption if no suitable cell was found on the target frequency;
- UE needs to read SI if cells other than the source and target are selected;
- Need to define specific rules (e.g., what is meant by “prioritise”).

	Remarks
	
	
	
	

	Supporting companies
	DoCoMo, NEC, ZTE, Huawei, NSN
	Samsung, Texas Instruments, Infineon, Ericsson (if indicated by optional 1 bit in HO CMD)
	Qualcomm
	Panasonic


Proposed way forward:

· Regarding cell selection rules, it seems difficult to reach an agreement by RAN2#61 (although an agreement is much desired). One way forward would be to agree on the baseline by RAN2#61, and invite further contributions for possible optimisations?
· Regarding which configuration to apply upon recovery, can we agree that the UE always reverts to the old configuration, or is any further optimisation necessary?

Agreements:

· TBD

3. Conclusions
To be drafted after the email discussion.
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