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1. Introduction and Problem statements
Radio Link failure handling, either in the non-handover (regular transmission and reception case) or in the handover case, is currently under debate and discussion by the 3GPP Long Term Evolution (LTE) Radio Access Network Layer 2 (RAN2) standardization body. 
In the course of the discussions among various companies, there is a consensus that we need to identify a condition, temporarily denoted as Condition A. The objective of Condition A is to create a common consensus to mark the successful termination of the Handover procedure. 

Question 1: Currently, the question of where exactly Condition A occurs is under study.

Further, it is currently unclear how handover failure (failure of the complete handover process whereby the UE may be considered to be connected to the Target eNB) is handled before and after Condition A. 

Question 2: When do we identify the event Handover Failure? How does this depend on Condition A? How is it different from Radio Link Failure? 
Question 3A: Is Handover Failure handled differently before and after Condition A?

Question 3B: If so, how?

The allied questions for Radio Link Failure are 

Question 4A: Is Radio Link Failure handled differently before and after Condition A?

Question 4B: If so, how?

2. Discussion

2.1 Radio Link Problem, Associated Cell and Radio Link Failure
The current assumption on Radio Link Failure handling is that when the UE detects Radio Link Problem (which is commonly understood to be when the lower layers in the UE send a “no sync” indication to the upper layers. The “no sync” techniques are currently being investigated in RAN1) and a timer (T_1, in the Figure 2 below) expires, the UE goes declares Radio Link Failure.
When the Radio Link Problem is detected by the UE, the UE goes through a 2-phase procedure to recover from it. In Phase 1, the UE attempts to reconnect to the associated cell. 
In case Radio link recovery is not achieved in Phase 1 (within some timer T_1), Radio Link Failure is said to occur and the UE is free to choose a cell to synchronize with (UE based mobility). According to the current Stage 2 document [36.300 v8.0.0] reads that during “UE based mobility”, the “activity is resumed by means of explicit signaling between the UE and the eNB”. Further, the state of the UE should be as follows:
“In the Second Phase, in order to resume activity and avoid going via RRC_IDLE when the UE returns to the same cell or when the UE selects a different cell from the same eNB, or when the UE selects a cell from a different eNB, the following procedure applies:

-
The UE stays in RRC_CONNECTED;

-
The UE accesses the cell through the random access procedure;

-
If the context is not found, RRC connection is released and UE initiates procedure to establish new RRC connection. In this case UE may be required to go via RRC_IDLE (FFS).”

The conclusion is:

1. There is a notion of a currently associated cell that the UE automatically retries Radio Link Connection with, upon Radio Link Problem event (tbs by RAN1) detection. 
2. Also, after Radio Link Failure (T_1 expiry), the UE goes into UE-based mobility while retaining RRC_CONNECTED and attempts to synchronize via RACH with the chosen cell.
First, to further specify Radio Link failure handling, we will define two terms in this document in terms of UE behavior after each event. Radio Link Failure is already a well defined event according to Stage 2. 

Proposal 1:  
Event Radio Link Problem: After this event occurs, UE attempts to reconnect to the associated (current) cell.

Event Radio Link Failure: After this event UE attempts to connect to best available cell via UE based mobility.
2.2 Condition A and Consistent Handling of RLF
 “The associated cell for the UE is the Target cell after Condition A is satisfied,” was agreed by RAN2 as a starting point for the definition of Condition A, and text in the same spirit was captured in the meeting minutes. However, there was no decision taken about UE behavior before Condition A.

It can be agreed that UE implementation and overall E-UTRAN system state reductions are possible if there is a consistent handling of failure procedures for both Radio Link failure, and handover failure (which itself may occur due to Radio link failure). Hence, we propose that the behavior of the UE before condition A, be simply that it connect back to the Source cell as follows.
Proposal 2:

It in this spirit, we propose that Condition A meet the following system condition.
Condition A: The associated cell for the UE is the Target cell after Condition A is satisfied; and Source cell before Condition A is satisfied. Based on this a common Radio Link Failure procedure should be used.
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Figure 1: UE associate cell state change
In other words, before Condition A, Radio Link Problem will first lead to attempt with the Source cell, followed by UE mobility once timer expires and Radio Link Failure is triggered at the UE. 
As such, the common Radio Link Failure handling can be illustrated as in Figure 2.
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Figure 2: Common Radio Link Failure procedure with 2 UE events, Radio Link Problem and Radio Link Failure.
Going by the above definition, it is logically consistent that the UE shall achieve synchronization with the Target cell to satisfy Condition A. We also believe that this allows for the simplest UE deployment for Release 8.

Hence we propose that Condition A be declared when the UE knows that it has synchronized successfully with the Target cell (not necessarily sent RRC CONNECTION RECONFIGURATION COMPLETE) to the Target cell eNB. Moreover, the Target cell knows that the UE has sent a RACH request and that it has sent it a RACH response. 
Proposal 3:

3A.  If non-contention based RACH is used by UE, Condition A is identified at the UE when the Target cell sends a RACH response (msg2) and an uplink allocation.

3B. If contention based RACH is used by the UE, Condition A is identified at the UE when the Target cell sends contention resolution message (msg4) and an uplink allocation.
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Fig 3. Detection of Condition A
2.3 Handover Success and Failure

We define Handover success when Condition A occurs, together with the successful transmission of the Handover Complete message on the uplink PU-SCH; otherwise Handover Failure is said to occur.

Since the UE may be at the cell edge during handover, PU-SCH is likely to be bad and will typically cause many HARQ retries and handover failures. However, both user-plane transmission (corresponding to active Data Radio Bearers) and control-plane data transmission (RRC CONNECTION RECONFIGURATION SUCCESS etc.) can resume at the same time. Hence, the UE should not have to wait till the HARQ ACK from msg3 to resume data services. This is why, it is natural to assume that the UE is associated with the Target cell, even though RACH succeeds but msg3 fails.
In other words, it is important to distinguish between Condition A and Handover Success: Condition A defines a MAC layer association between the UE and the eNB. Radio Link Failure depends on this MAC association; by contrast, Handover is an RRC procedure and needs to be completed by the completion of an RRC message (included in the Handover Complete message). At the same time, handover failure is likely to be a 10-4 event and it is not advisable to add significant increased system complexity to handle this failure case. 

Handover starts for the UE when it receives the Handover Command from the Source cell. Hence, in case the command itself fails, the eNB knows that HARQ failure occurred. So we do only need to consider the case of failure following the UE’s receipt of the handover command.

For the period between the UE’s receiving Handover Command and receiving ACK of the Handover Complet command, we distinguish failures before and after Condition A.

Proposal 4:

After Condition A, if ACK for msg3 under contention based RACH, or the first scheduled uplink TB (possibly containing RRC CONNECTION RECONFIGURATION COMPLETE) under non-contention RACH, is not received from Target cell, i.e. maximum HARQ retires fails (possibly within a timer expiry period); the UE should identify Radio Link Problem. Thereafter, the common Radio Link Failure procedure is used.
Proposal 5: If Handover Command is received by the UE but the UE has not reached Condition A, (e.g.. RACH request or RACH response has failed), the UE will identify a Radio Link Problem after the expiry of appropriate number NRACH_handover RACH reattempts and/or timer (T_Handover) expiry.  Thereafter, the common Radio Link Failure procedure is used.
Further, to maintain consistency between UE and eNB, we see a need for the UE to indicate to E-UTRAN that the handover operation has not succeeded. This is not mandatory, but is a good system design principle.

Proposal 6: We propose that if 1) The UE receives a Handover Command and 2) The UE identifies Radio Link Problem event, the UE should be able to indicate the Handover failure in the RRC to the eNB. The details on this are FFS.
Figure 4 describes system behavior when the UE does not reach Condition A before a timer T_Handover expires.
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Fig 4: Radio Link failure starting at Source cell if T_Handover expires before Condition A
3. Conclusion

Proposal 1:  

Event Radio Link Problem: After this event occurs, UE attempts to reconnect to the associated (current) cell.

Event Radio Link Failure: After this event UE attempts to connect to best available cell via UE based mobility.

Proposal 2:

It in this spirit, we propose that Condition A meet the following system condition.

Condition A: The associated cell for the UE is the Target cell after Condition A is satisfied; and Source cell before Condition A is satisfied. Based on this a common Radio Link Failure procedure should be used.

Proposal 3:

2A.  If non-contention based RACH is used by UE, Condition A is identified at the UE when the Target cell sends a RACH response (msg2) and an uplink allocation.

2B. If contention based RACH is used by the UE, Condition A is identified at the UE when the Target cell sends contention resolution message (msg4) and an uplink allocation.

Proposal 4:

After Condition A, if ACK for msg3 under contention based RACH, or the first scheduled uplink TB (possibly containing RRC CONNECTION RECONFIGURATION COMPLETE) under non-contention RACH, is not received from Target cell, i.e. maximum HARQ retires fails (possibly within a timer expiry period); the UE should identify Radio Link Problem. Thereafter, the common Radio Link Failure procedure is used.

Proposal 5: If Handover Command is received by the UE but the UE has not reached Condition A, (e.g.. RACH request or RACH response has failed), the UE will identify a Radio Link Problem after the expiry of appropriate number NRACH_handover RACH reattempts and/or timer (T_Handover) expiry.  Thereafter, the common Radio Link Failure procedure is used.

Proposal 6: We propose that if 1) The UE receives a Handover Command and 2) The UE identifies Radio Link Problem event, the UE should be able to indicate the Handover failure in the RRC to the eNB. The details on this are FFS.
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