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1
Introduction
 RAN2 has received an LS from RAN3 regarding support for inter-RAT MRO [1]. In this contribution we first analyze the required information for each of the scenarios and how that would be impact the RLF report. Then we analyze the requirement of each of the solutions on the RLF reporting. 
2 Discussion
The problem defined by RAN3 is divided into five different inter-RAT failure issues related to deployment of LTE over broader 2G/3G coverage [2]:
a)
Failure while in LTE reconnection at 2G/3G (too late HO) *

b)
Failure during or after a HO from 2G/3G to LTE and reconnection back at 2G/3G (source RAT), may be at different cell than the source one (too early HO), in particular a HOF during an HO (during RACH attempt in LTE) or a RLF in LTE shortly after a HO (after successful RACH) 

Additionally, if the solution to the above problems addresses also problems listed below, it may be considered as an advantage:

c)
Failure while in 3G, reconnection at LTE (too late HO) *

d)
Failure during or after a HO from LTE to 3G and reconnection back at LTE (source RAT), may be at different cell than the source one (too early HO), in particular a HOF during an HO (during RACH attempt in 3G) or a RLF in 3G shortly after a HO (after successful RACH)

e)
Failure during or after a HO from 2G/3G to LTE and reconnection to a different cell of LTE (HO to wrong cell)

*) “or during a HO” has been removed based on the clarification during the discussion. 
2.1 RLF Logging

In this section we consider where it is required to log information for each of the scenarios. Currently the RLF report is only defined in the LTE specifications and the information is logged in case of RLF or HOF in LTE. In UMTS specifications the varRLFreport is not defined so failure information cannot be logged in case of failures in UMTS.
In scenarios a) and b) the failures occur in LTE, hence the required information can be stored in the varRLFreport upon failure. 
In scenarios c) and d) the failures occur when the UE is connected or connecting to UMTS, therefore it would be required to introduce the varRLFreport in UMTS (and GERAN) specifications. For scenario e) the failure may also occur during HO, therefore logging in 2G/3G seems necessary.
Observation 1: To support scenarios c), d) and e) it is necessary to introduce logging of failure information in UMTS. For scenarios a), b) and b) logging in LTE is sufficient.
If logging should be introduced in UMTS it needs to be discussed if this should be a mandatory functionality, and whether it should be required also for UEs that do not support LTE. It would be preferable to minimize the impact on legacy RATs, while still acquiring sufficient information to support the IRAT MRO.
2.2 Additional Information for reported Cells 
In this section we analyze what information need to be logged in the RLF report.  Currently all the cellIDs in the RLF report are defined as eUTRAN identities. This needs to be extended to cover the IRAT cases. 
A special case is the reestablishment cell, which records the first cell where the UE tries to re-establish before going to idle. If the re-establishment attempt fails and reconnects in another RAT it might be useful to know both the cell of the re-establishment attempt and the cell in the other RAT where the UE connects after the failure. If the reestablishment cell would instead be replaced by this successful reconnection cell some useful information may be lost, hence it may be preferable to add the ID of the cell where the UE successfully connects in a new IE in the RLF report. One may consider the possibility of only adding the cell information when it is needed which could allow the re-establishment cell and the cell of successful reconnection share the same field, but considering the large number of possible failure and reconnection scenarios this is likely to lead to complicated rules to be used by the UE. Hence, it seems the preferable solution is to include the cell where the UE connects successfully after a failure in all cases, including intra LTE failures.
Since this depends on the MRO algorithms it may be best to leave the decision to RAN3.

Proposal 1: Ask RAN3 if it is useful for MRO to include another information element in the RLF report containing the cell or other information about the RAT where the UE successfully connects after a failure.
To cover the inter-RAT scenarios it must be possible to include cell IDs for different RAT types in the RLF report. However, it depends on the scenario how much inter-RAT information is required.
· In scenario a) it is only the cell where the UE reconnects after the failure that is not a EUTRAN cell. Hence, it would be sufficient to include information about this cell or RAT. It might even be possible to support this scenario without this information, although some information would be lost.
· For scenario b) it would be necessary to allow UTRAN/GSM identities in the previous cell ID 
· For scenario c) UTRAN/GSM identities need to be supported for both the failed cell ID and the previous cell ID 

· For scenario d) UTRAN/GSM identity need to be supported for the failed cell
· For scenario e) UTRAN/GSM identity need to be supported for the previous cell ID 
Observation 2: For most scenarios there is a need to allow UTRAN/GSM cell identities in the RLF report, but if the support is limited to the most important scenarios, a) and b), the number of IEs that have to be changed can be reduced compared with supporting all scenarios, and if it is limited to only scenario a) as in solution 5 it can be reduced even more. 

A further information element that would need to be clearly defined in the specifications is the timeConnFailure. This should be measured from the time the handover command was received, regardless of in which RAT the handover (or mobility to other RAT) was initiated, so some generalization of the procedural text seems necessary.  
2.3 Additional Information for RLF report routing
The information that is reported by the UEs is used both to route the reported information to the node where the analysis should be made and for the analysis of the failures for the parameter adjustments. Therefore, the required information differs between the different solutions and scenarios. Four different solutions have been proposed in RAN3:

Solution 1-A: UE RLF report when returning to LTE – Analysis in LTE

Solution 2: UE RLF report to 3G and/or LTE depending on where UE reconnect after failure 

Solution 4: RLF reported in the RAT where the RLF occurred and HO failure reported in the RAT of the cell in which the HO command was received

Solution 5: In case of ‘Too late HO’ LTE to 3G, RLF report is sent when returning to LTE, in case of ‘too early’ 3G to LTE, this is detected by RNC

Solution 5 only applies to cases a) and b), other solutions can address all cases;

In R10 MRO the information from the RLF reports are always sent over the X2 interface. For the proposed inter-RAT MRO solutions also delayed RLF reports will be used, and there may be cases where the IRAT neighbours are not known. Therefore there is a need to send the information to eNBs/RNCs/BSCs over e.g. S1 or RIM since there is no X2 interface available. 

To route the information over S1 it seems necessary to have the TAI in addition to the ECGI. 

RIM requires the RAI + RNC ID, or eNB ID+ TAI to route messages between the RATs.

For solution 5 there is no need for inter-RAT communication, the extension compared to R10 is communication over S1. Therefore only the TAI needs to be added.

For solution 1A, 2 and 4 there inter-RAT communication is needed, hence either the TAI is needed for EUTRA cells or RAI for UTRA cells. For solution 1A this requirement might be relaxed in case all inter-RAT communication is done by OAM.
Observation 3: All solutions require that TAI are available for routing of the RLF reports, and solutions 1A, 2 and 4 also requires that the RAI is available for UTRA cells. 

A further observation is that in general it is preferred to have the global cell identities included in the RLF report, but in some cases this is not available in the UE, hence the physical cell ID is included instead. Also in the inter-RAT case there are scenarios where the global cell information is not available in the UE. This is problematic when there is not sufficient information available in the neighbour relation table to route, which is likely to occur in particular for solutions 1A, 4 and 5 due to more frequent use of delayed RLF reporting. However, we note that in scenario a) the UE will always go to idle before connecting to UTRAN, therefore it will have the global cell ID of the UTRAN cell. Since solution 5 only uses the RLF report to handle scenario a) the lack of global cell information is a more severe concern for solutions 1A and 4. 

Observation 4: Solution 5 minimizes the requirements on the information for routing of RLF report information.
2.4 RLF Reporting 
In this section we consider where to deliver the failure report.  Currently the UE indicates the availability of failure information in LTE using the rlf-InfoAvailable in the connection setup and the network can collect the information. In UMTS there is no mechanism to collect the RLF reports. 

For solution 5 and 1A the RLF reports are always collected in LTE, therefore there is no need to change the specification for this purpose.
In solution 2 and 4 the RLF reports also have to be collected in 2G and 3G networks.
Observation 5:  Solutions 1A and 5 avoid impact on the UMTS specifications while solutions 2 and 4 require RLF reporting to be introduced in UMTS.

2.5 Summary
In this section, we summarize the above evaluations of impact on 3G and LTE interfaces into a table. Detailed information is shown below: 
	Interface 
	Solution 1-A
	Solution 2
	Solution 4
	Solution 5

	a)
	3G
	No 
	New procedure(RLF Reporting)
	No
	No

	
	LTE
	Updated Signalling(UE Information Response)
	No
	Updated Signalling(UE Information Response)
	Updated Signalling(UE Information Response)

	b)
	3G
	No
	New procedure(RLF Reporting)
	HOF: New procedure(RLF Reporting(RAI*))
	No

	
	LTE
	Updated Signalling(UE Information Response(RAI*))
	No
	RLF: Updated Signalling(UE Information Response(RAI*))
	No

	c)


	3G
	No
	No
	New procedure(RLF Reporting(RAI*))
	--

	
	LTE
	Updated Signalling(UE Information Response(RAI*))
	Updated Signalling(UE Information Response(RAI*))
	No
	--

	d)
	3G
	No
	No
	HOF: New procedure(RLF Reporting)
	--

	
	LTE
	Updated Signalling(UE Information Response)
	Updated Signalling(UE Information Response)
	RLF: Updated Signalling(UE Information Response)
	--

	e)
	3G
	No
	No
	HOF: New procedure(RLF Reporting(RAI*))
	--

	
	LTE
	Updated Signalling(UE Information Response(RAI*))
	Updated Signalling(UE Information Response(RAI*))
	RLF: Updated Signalling(UE Information Response(RAI*))
	--


Note: IE with * means that the IE is necessary to route the RLF Report，but whether UE can get the  information of the IE is not sure.

Based on the above comparison, solution 1-A will increase LTE interface signalling with no impact on 3G; Solution 2 will have too much negative impact on 3G interface standardization, which is not desirable for UMTS RAN2; 
Solution 4 has similar impact on 3G as stated in solution 2, and maybe also need enhancement in GERAN interface.  
All three solutions mentioned above will require great enhancements of RLF Report, including extending all cell ID IEs to support 2G/3G cell ID with related RAI or TAI, and  adding some generalization of procedural text of IE ”timeConnFailure”.

Solution 5 can cover the first two high priority scenarios a) and b) with the least impact on LTE interface and no impact on 3G RAT. The RLF will need to be extended either by supporting 2G/3G cell ID for the IE ”reestablishment Cell ID” or adding a new IE for the reconnection cell/RAT, and by TAI for the failed cell.
Based on this analysis we suggest that RAN2 agrees on the following proposals:
Proposal 2: Inform RAN3 about the impact of different solutions from RAN2 point of view with the following conclusion:

- Solution 5 has the lowest impact on RAN2 specifications and UE implementation.  
- Solution 2 and solution 4 have large impact on both LTE and UMTS specifications.
3 Conclusion
Based on our analysis some of the proposed solutions from RAN3 have large impact on the UE and RAN2 specification, in particular for UMTS and GERAN. We think it is preferrable to minimze the impact while still supporting the most important scenarios, and therefore make the following proposals:
Proposal 1: Ask RAN3 if it is useful for MRO to include another information element in the RLF report containing the cell or other information about the RAT where the UE successfully connects after a failure.
Proposal 2: Inform RAN3 about the impact of different solutions from RAN2 point of view with the following conclusion:

- Solution 5 has the lowest impact on RAN2 specifications and UE implementation.  

- Solution 2 and solution 4 have large impact on both LTE and UMTS specifications.
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