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1 Introduction
For the purpose of RLF (radio link failure) recovery, a mechanism of multiple preparations of eNBs has discussed in RAN2 [2]. In the latest version of TS36.300, this solution is described as following (please refer to section 10.1.6 in [4]):
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;

- 
The UE identifier used in the random access procedure for contention resolution (i.e. C‑RNTI of the UE in the cell where the RLF occurred + physical layer identity of that cell + MAC based on the keys of that cell) is used by the selected eNB to authenticate the UE and check whether it has a context stored for that UE:
-
If the eNB finds a context that matches the identity of the UE, it indicates to the UE that its connection can be resumed.

-
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).

RAN3 have also discussed this mechanism, and “has started investigation on possible optimizations related to the use of this feature e.g. regarding the data forwarding, the resource occupancy and the S1-based handovers.”[3].
In this contribution, we will discuss the multiple preparations mechanism with consideration data forwarding, resource occupancy, latency, S1 Handover and so on, and give a preferred solution.
2 Scenarios and Requirements

2.1 Scenarios description

Some scenarios of the multiple preparations are illustrated in figure 1:
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Figure 1: Scenarios of Radio link failure

Scenarios assumptions:

1. eNB1 is source eNB, including three cells Cell1, Cell2 and Cell3, and the UE is serving by cell1 now. eNB2, eNB3 and eNB3 are adjacent eNBs. 

2. eNB1 and eNB3 is served by MME1, eNB2 is served by MME2, which means HO from eNB1 to eNB2 is S1 HO and HO from eNB1 to eNB3/eNB4 is X2 HO.

3. In the measurement report, Cell2, Cell4, Cell5 and cell8 are included, and cell5 is the preferred cell. For convince in this contribution, a preferred eNB refers to the eNB which includes the preferred cell.

In handover preparation, source eNB will send HANDOVER REQUEST/ HANDOVER REQUIRED message to eNB2 and eNB3 according to measurement report. Then UE can access to network through the following cell:

4. Cell5: HO COMMAND message have been received successfully by UE, so this is a normal handover procedure.

5. Cell5: HO COMMAND message have NOT been received successfully by UE, UE access this cell by random access procedure.

6. Cell4: this cell has been measured by UE, but is not preferred cell, it is not determined that if this cell shall prepare the resource for the UE. Cell2 and cell8 have the same situation to cell4;

7. Cell6: this cell has not been measured by UE. So it can not prepare the radio resource. But since eNB2 have the UE’s context, UE can stay ACTIVE state to access this cell despite there is no resource preparation. Cell3、Cell7 and cell9 have the same situation to cell6.

8. Other cells: in all other cases, since target eNB has no UE context, UE have to be forced into IDLE state.
2.2 Requirements of RLF recovery
The following requirements about RLF recovery shall be achieved:
1. The impact on normal handover procedure shall be minimised;

2. The radio resource wasting shall be minimized;

3. The additional latency introduced by RLF recovery shall be minimized;

4. The complexity introduced by RLF recovery shall be minimized;

5. In-sequence delivering shall also be supported in RLF recovery.

3 A proposed solution
This section gives a proposed solution based on the scenarios and requirements described above.
3.1 Solution description
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Figure 2: A proposed multiple preparations

3.1.1 Handover Preparation phase 
1. When source eNB decides that the UE needs to handover to other cells, it shall select one cell as the preferred cell. And then send the HANDOVER REQUEST message or HANDOVER REQUIRED message to all candidate target eNBs. Only the preferred Cell ID will be included in the HANDOVER REQUSET or HANDOVER REQUIRED message.

2. Each target eNB received the HANDOVER REQUEST message will check whether the received Cell ID is belonging to itself. If so, the target eNB will consider it as a normal handover procedure and prepare the radio resource in the cell, and allocate a new C-RNTI for the UE, and then response the HANDOVER REQUEST ACK to source eNB. 
Otherwise, the target eNB will not prepare any radio resource, only store the UE context and activate a timer waiting the possible UE access. Whether this target eNB will response a HANDOVER REQUEST ACK message to source eNB or not is FFS.
3. After receiving the HANDOVER REQUEST ACK message from the preferred cell, the source eNB will send the HANDOVER COMMAND message to UE and forward user data to the preferred target eNB similarly to the normal handover procedure.
3.1.2 Handover execution phase

1. Normal handover procedure

If the HANDOVER COMMAND message is received by UE successfully, which means this is a normal handover procedure. Then all are OK.

When source eNB receives a HANDOVER RELEASE message from target eNB or from MME, it will send a HANDOVER CANCEL message to all other target eNBs. The target eNBs shall remove the UE context.
2. Radio link failure case

If the HANDOVER COMMAND message can not be received by UE successfully, i.e. RLF occurs, the UE will select a cell by cell re-selection procedure, and access this new cell by random access procedure.

1. UE will access to a selected cell by random access procedure, with the old C-RNTI and MAC-I [4];
2. This target eNB will (1) check whether there is the UE context in itself or not. (2) If so, target eNB will also check whether the resources for the UE in this cell is prepared or not. (3) Prepare radio resource and allocate a new C-RNTI for the UE if no resource allocation. (4) Send related information to UE.
3. The target eNB Notifies source eNB that UE have access to network from this target eNB. Then source eNB will (1) forward the user date to this target eNB and (2) send HANDOVER CANCEL message to all other prepared eNBs.

3.1.3 Handover release phase:

Same to normal handover procedure.
3.1.4 Explanation of figure 2:

In figure 2, assuming the target eNB2 is the preferred eNB, so when received the HANDOVER REQUEST ACK message from eNB2, source eNB will send HANDOVER COMMAND message to UE in step 6.
Also assuming RLF occurs and UE access to network from target eNB1, since target eNB1 is not the preferred eNB and does not prepare the resource for the UE, then target eNB1 have to prepare the resource for the UE when receives the random access message from UE. and then inform this resource information to UE (all in step 8).

Target eNB1 shall also send a message to source eNB to trigger source eNB forwarding the user data to it and trigger source eNB releasing the UE context in other eNBs (in step 9, 10 and step 11).  
3.2 Detailed considerations
This subsection gives some more detailed considerations based the solution above.
3.2.1 Context preparation 
The main idea of multiple eNB preparation is UE context shall be prepared in multiple target eNBs, so each information element in UE context shall be checked one by one.

(1) Target Cell ID: In HANDOVER REQUEST message, the target cell ID shall be included to indicate the target eNB preparing radio resources in target cell, but for RLF recovery, there are too many target cells. If all of these target cell IDs are included in the HANDOVER REQUEST message, then the following trouble can be identified: 
A. too many information elements are in the HANDOVER REQUEST message. 
B. if there are two or more target cell ID in one target eNB, the target eNB may confuse how to select one for resource allocation. 
So we suggest that only the preferred cell ID be included in the HANDOVER REQUEST message.
(2) Security information: In handover procedure, security key i.e. KeNB is not transferred to target eNB directly. Figure 2 illustrates this key derivation and transfer.
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Figure 3 security considerations (copy from Figure 1 in TR33.821)

Source eNB will derive the KeNB* from KeNB .without no input parameter. Then send this KeNB* to target eNB, and target eNB will derive again a new KeNB from the KeNB*with the input parameter of new C-RNTI. Since there is no new C-RNTI assigned in non-preferred cell, the new KeNB derivation shall be postponed after receiving UE’s random access message.
(3) Impacts on other information are not found.

3.2.2 HANDOVER REQUEST ACK message
As shown in figure 2 (step 5b), the preferred eNB must reply a HANDOVER REQUEST ACK message to source eNB, but shall other eNBs reply HANDOVER REQUEST ACK too?
In fact, since there is no resource allocation in non-preferred eNB, the only effect of HANDOVER REQUEST ACK message from non-preferred eNB is notifying target eNB having received UE context successfully. Providing a target eNB has not got UE context successfully, source eNB can not re-send the HANDOVER REQUEST message to the target eNB again, and the target eNB will be considered as a non-prepared eNB. In addition this receiving of HANDOVER REQUEST unsuccessfully may occur rarely. So non-preferred eNB may not send a HANDOVER REQUEST ACK message after receive a HANDOVER REQUEST message. And if some information needs to be sent to source eNB from the non-preferred target eNB, it can be sent it when the UE access to this target eNB through random access procedure (as shown step 9 in figure 2).
3.2.3 Data forwarding
User data can be forwarded to the preferred eNB after source eNB receives HANDOVER REQUEST ACK message. For RLF recovery, if the UE access to a non-preferred eNB, data forwarding can occur after source eNB received the message from this target eNB (as shown in figure 2 step 9).
3.2.4 NAS handling 
NAS signalling handling addresses the question that NAS signalling can not be sent successfully to UE in X2 handover procedure. 

The only one difference between multiple eNBs preparation HO and normal HO is that: if S1 and X2 HO occur simultaneous (this situation only occur in multiple eNB preparations),  since there is a HANDOVER REQUIRED message sent to MME, which restrains MME sending NAS messages to source eNB, then NAS handling requirement may be lightened to some extend.
3.2.5 S1 handover consideration 
Multiple preparations of eNBs can also apply to S1 handover. The only difference is that HO related S1 messages need to modify accordingly. Figure4 illustrates this scenario. In figure4, it is assumed that target eNB2 is a non-preferred eNB, then: 
1. Step 10, 11 and 12 may be omitted according to subsection 3.2.2 .
2. Step 15a, 15b and 15c shall be added for target eNB to trigger source eNB  for data forwarding and release UE context in other target eNB.
3. Step 16 is for source eNB to trigger other eNB deleting UE context.
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Figure 4: Multiple preparations with S1 handover
3.2.6 Consideration on I-RAT HO 
In the Measurement Report message, other RAT cells may also be reported by the UE, so I-RAT HO shall also be considered. In order to minimize the complexity, it is suggested that multiple eNB preparation shall be limited in LTE system. Then:

If UE camped in a non-LTE cell, then no multiple preparations occur, since RNC/BSC can not send out more than one HANDOVER REQUIRED messages in the same time.
If UE camped in the LTE cell, and if other RAT is reported in Measurement Report message by UE, it can:

1. If other RAT cell is the preferred cell, HANDOVER REQUIRED message shall send to it as normal IRAT handover and some of LTE cells can be act as candidate target cells.

2. If other RAT cell is not the preferred cell, the HANDOVER REQUIRED message shall not send to it. 

3.3 Some analysis for this solution

3.3.1 Impact on normal handover procedure
Normal handover procedure implies the HANDOVER COMMAND message can be received by UE successfully, and then the impact of multiple preparations on normal handover procedure can be described as:
(1) Source eNB: in handover decision, the additional action is only sending HANDOVER REQUEST message to multiple target eNBs, all the other actions are the same with normal handover procedure.
When receives HANDOVER REQUEST ACK message from preferred target eNB, source eNB do the same action with normal handover procedure.
So the difference between normal handover and multiple preparations handover is in handover decision.
(2) Preferred target eNB which is the target eNB in normal handover procedure: do the same action with normal handover procedure.
(3) UE: do the same action with the normal handover procedure.
So the impact on normal handover procedure is little.

3.3.2 Resource saving

Resource is saved by the following ways: 
(1) Radio resources are allocated when needed; non-preferred eNB will not prepare radio resource until the UE access it through random access procedure.
(2) Forwarding tunnels are established when needed, and user data is forwarded when needed. So the transport resource and the storage resource can be minimized.
(3) If non-preferred eNBs will not send HANDOVER REQUEST ACK message, the additional signalling is also minimized.
3.3.3 Complexity analysis

If all candidate cell IDs are sent to target eNBs or multiple target eNBs prepare resources, some complexity is introduced:
(1) If two or more cells in one target eNB are candidate cells, i.e. these cells are all included in measurement report message from UE; it is difficult for target eNB to select one for preparation resource.
(2) Source eNB received all HANDOVER REQUEST ACK message must select one sent to UE and store all the others. But all these stored information will not be used forever since UE can not communicate with source eNB in RLF.
If non-preferred eNBs do not prepare resource, all these complexity can release.
3.3.4 Latency analysis 
For RLF recovery, the additional latency may be introduced by: 1). resource preparation, 2). target cell notify UE about resource information in itself, 3). user data forwarding.
(1) If the UE received HO COMMAND message successfully, then no additional latency introduced;

(2) If the UE did not received HO COMMAND message successfully, but access to the preferred cell by RLF recovery, the additional latency is introduced by 2).

(3) If the UE access from the non-preferred cell but the radio resource in this cell has been prepared, the latency may only be introduced by 2) and 3).

(4) If the UE access from the non-preferred cell and the radio resource in this cell has not prepared, the latency may only be introduced by 1), 2) and 3).

In the proposed solution, the additional latency is longer than other solutions, but considering that RLF recovery occurs rarely, and it can save radio resource effectively, it also a good solution of RLF recovery.

4 Conclusion and Proposal
Based on the discussion above, it is proposed that:
1. In multiple eNB preparation, non-preferred cell shall not prepare the radio resources;
2. Only the preferred cell ID shall be included in HANDOVER REQUEST message;

3. Source eNB will send the HANDOVER COMMAND message to UE upon receiving HANDOVER REQUEST ACK message from the preferred eNB.
4. Whether a non-preferred eNB will reply a HANDOVER REQUEST ACK message to source eNB or not is FFS;
5. If UE access a non-preferred eNB by random access procedure, it is suggested that adding a message from the target eNB to source eNB to trigger data forwarding and releasing context in other target eNBs.
6. It is suggested that multiple eNB preparation shall be limited in LTE system, which means that multiple eNB preparation is not applicable to I-RAT handover. 
Huawei is willing to prepare the related CR for TS36.300 if the proposal is agreed.
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