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1 Introduction 
In the last RAN3 #74 meeting [1], the scenarios of the inter-RAT handover failure were prioritised. Many methods for the detection of failure have been proposed in the paper [2]. 
In this contribution, inter-RAT handover failure scenarios with high priority (i.e. too late handover from LTE to 2G/3G and too early handover from 2G/3G to LTE) are studied, the details of solution 1b.1-1 and solution 1b.2-1[2] are analyzed correspondently.
2 Discussion
1.1 The too late handover from LTE to 2G/3G 
Similar to R10 MRO, the too late handover from LTE to 2G/3G scenarios can be described as following:

A UE is served at an LTE cell for sufficiently long time to consider the stay stable (e.g. longer than T_store_ue_cntxt, as defined for “too late HO” scenario in Rel.10). Then, either without prior HO initialization or during a HO to 2G/3G (before successful synchronization to the target), a connection failure occurs. The UE reconnects in a 2G/3G cell ([2]). The too late handover can further be categorized into RLF case and HOF case. The details of the handover failure detection procedure under the two cases are described below.
Case 1: RLF 
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Figure1 RLF case of too late inter-RAT handover
Since the failure (RLF) occurs in LTE, UE needs to record RLF Report similarly to R10 specification. The RLF Report from the UE includes the following information:

-
The E-CGI of the last cell A that served the UE.
-
Cell ID/RAT type of the cell Y that the re-establishment attempt was made at.

-
 E-CGI of the cell 3 that served the UE at the last handover initialisation, i.e. when HO command message was received by the UE.

-
Time elapsed since the last handover initialisation until connection failure. 

-
An indication whether the connection failure was due to RLF or handover failure. 

-
The radio measurements.

When the eNB B receives the RLF Report from the UE it may forward this report to the eNB A using the RLF INDICATION message. If there is no timer in RLF Report or the timer is larger than the configured threshold, then the eNB A can judge that one too late handover from LTE cell A to 2G/3G occurs, i.e. the eNB A can identify this is a too late handover from LTE to 2G/3G according to the R10 intra LTE too late handover judgement algorithm [3].
In this solution, the contents of RLF Report UE reported should be modified compared to the contents in [3], i.e. the UE should record the inter-RAT cell id or RAT type. The R10 intra LTE too late handover detection mechanism can be extended to detect the inter-RAT scenario directly.
Case 2: HOF
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Figure 2 HOF case of too late inter-RAT handover
Since handover failure occurs in LTE, UE needs to record RLF Report similarly to R10 specification. The RLF Report from the UE includes the following information:

-
The Cell ID of target cell Y of this failed handover. If the Cell ID is not known, the physical identify and frequency information are used instead. Or just the RAT type is needed.
-
Cell ID/ RAT type of the cell Y’ that the re-establishment attempt was made at.

-
 E-CGI of the cell A that served the UE at the last handover initialisation, i.e. when HO command message was received by the UE.

-
Time elapsed since the last handover initialisation until connection failure. 

-
An indication whether the connection failure was due to RLF or handover failure. 

-
The radio measurements.

When the eNB B receives the RLF Report from the UE it may forward this report to the eNB A using the RLF INDICATION message. If the cell A that served the UE at the last handover initialisation belongs to eNB A and the indication of handover failure exists or the timer in RLF Report is smaller than the configured threshold, then the eNB A can judge that one too late handover from LTE cell A to 2G/3G occurs, i.e. the eNB A can identify this is a too late handover from LTE to 2G/3G according to the R10 intra LTE too late handover judgement algorithm [3].
In this solution, the contents of RLF Report UE reported should be modified compared to the contents in [3], i.e. the UE should record the inter-RAT cell id or frequency or RAT type. The R10 intra LTE too late handover detection mechanism can be extended to detect the inter-RAT scenario directly.
Based on the description above, only the content of RLF Report from the UE needs to be modified, the too late handover detection mechanism has no impact on the current LTE and 2G/3G specifications.
Proposal1: If the connection failure occurs in LTE, the UE should record the RLF Report and send it to eNB when it enters connected state again in LTE.

Proposal2: For the too late handover from LTE to 2G/3G scenario, the R10 intra LTE too late handover detection mechanism can be reused.

1.2 The too early HO from 2G/3G to LTE
Similar to R10 MRO, the too early handover from 2G/3G to LTE scenarios can be described as following:

A UE is served at a 2G/3G cell and a HO is initiated toward an LTE cell. Then, either soon after the HO is completed or during the HO (before successful synchronization to the target), a connection failure occurs. The UE reconnects in a 2G/3G cell ([2]). These scenarios can further be categorized into RLF case and HOF case. The details of the handover failure detection procedure under the two cases are described below.
Case 1: RLF 

[image: image3.emf]Cell Y

’

Cell A

Cell B

4.RRC establish 

successful 

/ handover

3. select cell Y and 

turn to idle

1.RLF indication 

2.RLF  occur

BSC/RNC Y

’

eNB A

eNBB

UE

1.HO

Cell Y

BSC/RNC Y

2.Handover report


Figure3 RLF case of too early inter-RAT handover
Since the failure (RLF) occurs in LTE, UE needs to record RLF Report similarly as R10 specification. The RLF Report from the UE includes the following information:

-
The E-CGI of the last cell A that served the UE.

-
Cell ID/RAT type of the cell Y’ that the re-establishment attempt was made at.

-
Cell ID of the cell Y that served the UE at the last handover initialisation, i.e. when HO command message was received by the UE.

-
Time elapsed since the last handover initialisation until connection failure. 

-
An indication whether the connection failure was due to RLF or handover failure. 

-
The radio measurements.

When the eNB B receives the RLF Report from the UE it may forward the report to the eNB A using the RLF INDICATION message. If the reported timer is smaller than the configured threshold and the RAT type of first re-establishment attempt is same as the RAT type of the cell that served the UE at the last handover initialisation, then the eNB A can judge that one too early handover from 2G/3G to LTE occurs, i.e. the eNB A can identify this is a too early handover from 2G/3G to LTE similar to the R10 intra LTE too early handover judgement algorithm [3]. The eNB A needs to send a handover report message to the BSC/RNC Y to inform that one too early handover from cell Y to LTE occurred. This handover report message could be transferred by RIM. 
In this solution, the contents of RLF Report UE reported should be modified compared to the contents in [3], i.e. the UE should record the inter-RAT cell id or RAT type. The R10 intra LTE too early handover detection mechanism can be extended for inter-RAT scenario directly.
Case 2: HOF
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Figure 4 HOF case of too early inter-RAT handover
Since the handover failure occurs in 2G/3G, UE needs to log RLF Report in 2G/3G similarly as in LTE.
Consequently, the UE of 2G/3G should be enhanced to record RLF Report to support inter-RAT MRO.
 The RLF Report from the UE includes the following information:

-
The E-CGI of the target cell A of the handover (in case of handover failure). If the E-CGI is not known, the PCI and frequency information are used instead.

-
Cell ID/RAT type of the cell Y’ that the re-establishment attempt was made at.

-
Cell ID of the cell Y that served the UE at the last handover initialisation, i.e. when HO command message was received by the UE.

-
Time elapsed since the last handover initialisation until connection failure. 

-
An indication whether the connection failure was due to RLF or handover failure. 

-
The radio measurements.

When the eNB B receives the RLF Report from the UE it can perform handover scenario judgement directly. If the reported timer is smaller than the configured threshold and the RAT type of first re-establishment attempt is same as the RAT type of the cell that served the UE at the last handover initialisation, then the eNB B can judge that one too early handover from 2G/3G to LTE occurs, i.e. the eNB B can identify this is a too early handover from 2G/3G to LTE similar to the R10 too early handover judgement algorithm [3]. The eNB B needs to send a handover report message to the BSC/RNC Y to inform that one too early handover from cell Y to LTE occurred. This handover report message could be transferred by RIM.
In this solution, the UE in 2G/3G should record the cell information of the concerned cell as the abovementioned and report it to the network when the UE enters into LTE. The R10 intra LTE too early handover detection mechanism can be extended for inter-RAT scenario directly. 
Based on the description above, only the UE should be enhanced to support RLF Report recording in 2G/3G and a handover report message should be introduced to inform the BSC/RNC the too early inter-RAT handover. So this solution has little compact to the network of LTE and 2G/3G.
Proposal3: If the handover failure occurs in 2G/3G, the UE should record RLF Report in 2G/3G and send it to eNB when it enters connected state in LTE.

Proposal4: The too early handover from 2G/3G to LTE can be judged according to R10 intra LTE too early handover detection mechanism by the eNB with the RLF Report.

Proposal5: A Handover Report Message via RIM may be sent from the eNB to the BSC/RNC to indicate too early inter-RAT handover.                                                 

3 Conclusion 
According to the above discussions, we give the following proposals:
Proposal1: If the connection failure occurs in LTE, the UE should record the RLF Report and send it to eNB when it enters connected state again in LTE.

Proposal2: For the too late handover from LTE to 2G/3G scenario, the R10 intra LTE too late handover detection mechanism can be reused.

Proposal3: If the handover failure occurs in 2G/3G, the UE should record RLF Report in 2G/3G and send it to eNB when it enters connected state in LTE.

Proposal4: The too early handover from 2G/3G to LTE can be judged according to R10 intra LTE too early handover detection mechanism by the eNB with the RLF Report.

Proposal5: A Handover Report Message via RIM may be sent from the eNB to the BSC/RNC to indicate too early inter-RAT handover.                                                 
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