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1 Introduction
At RAN3 #75, the problem scope for inter-RAT MRO was defined. Also, a list of candidate solutions for the problem defined was collected. After the meeting, an email discussion was proposed to prepare the ground for selecting the best solution. This document offers a report from the discussion.
2 Discussion
2.1 Problem definition
The problem to solve is defined as follows:

Inter-RAT failure issues related to deployment of LTE over broader 2G/3G coverage:

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.
2.2 Proposed solutions

A complete solution consists of a two basic parts, namely: 
· the UE RLF reporting and 
· the analysis of the problem cause. 
The identified solutions are:
Solution 1 (UE RLF report when returning to LTE)

When the UE re-connects after the failure to a 2G/3G cell, it stores the necessary failure information. Then, when the UE is handed over to LTE, or when it sets up a new connection in LTE cell, the failure information is made available for the network (e.g. as a RLF Report). Therefore, the RLF reporting happens at LTE. The analysis is performed either at the eNB that received the report or at the last serving cell where the RLF occurred. In either case, the controller that triggered the wrong HO is informed:

· Scenario (a): RLF happened in LTE and RLF report is also provided there. Since eNB retrieving RLF report is most likely not the same where RLF occurred the corresponding cell is to be informed via X2/S1 (either with RLF Report to analyse or with analysed problem indication)

· Scenario (b): In case RLF occurred in LTE shortly after successful HO, the corresponding eNB having controlled the last serving cell (RLF) is to be informed via X2/S1; the eNB analyses the problem and then informs the RNC about the problem via RIM; or in case of inter-RAT HOF, after an analysis in the eNB receiving the RLF Report, the RNC that started the HO is to be informed directly via RIM.

· Scenario (c): RLF report can be retrieved and analysed immediately since UE reconnects to LTE. Since the RLF occurred in a 2G/3G cell, a message has to be sent via RIM to the BSC/RNC controlling the cell with erroneous HO setting (either RLF indication with RLF Report to analyse according to the current intra-LTE principle or with analysed problem indication)

· Scenario (d): UE reconnects to LTE after RLF and, therefore, RLF report can be retrieved immediately. In case RLF occurred on 3G side shortly after successful HO either a first message (RLF Indication including RLF report) has to be sent via RIM to the BSC/RNC controlling the cell where the RLF occurred where the problem is analyzed and followed by sending back a second message (HO report) via RIM with analysed problem indication or doing the analysis already on LTE side resulting in a single X2/S1 within LTE with analysed problem indication. In case of inter-RAT HOF, RLF reporting and analysis is carried out completely LTE internally with single X2/S1 message if at all. 

· Scenario (e): UE reconnects to another LTE cell after failure in LTE shortly after successful inter-RAT HO, i.e. RLF report is retrieved inlet anyway. If analysis is done by the eNB controlling the cell where RLF occurred, this cell can be simply informed by existing intra-LTE mechanism sending RLF indication including RLF report. It may send a problem indication via RIM to BSC/RNC where the wrong HO was started.

An enhanced version of the solution is presented below as a solution 1-A.
Solution 1-A (UE RLF report when returning to LTE – Analysis in LTE)
When the UE re-connects after the failure to a 2G/3G cell, it stores the necessary failure information. Then, when the UE is handed over to LTE, or when it sets up a new connection in LTE cell, the failure information is made available for the network (e.g. as a RLF Report). The analysis is always performed in an eNB and in case the correction is to be performed in another RAT, the other RAT is informed through RIM or OAM.

· Scenario (a): RLF happened in LTE and RLF report is also provided there. Since eNB retrieving RLF report is most likely not the same where RLF occurred the RLF report is forwarded to the last serving cell via X2/S1 where the analysis is made.

· Scenario (b): The UE delivers the RLF report when reconnecting to LTE. In case of HOF, the eNB receiving the RLF report performs the analysis. In case of RLF, the RLF report is forwarded to the eNB handling the last serving cell where the analysis is made 
· Scenario (c): RLF report is retrieved immediately and analyzed by the eNB when the UE reconnects to LTE. 

· Scenario (d): UE reconnects to LTE and the RLF report can be retrieved immediately. In case of HOF, the RLF report is forwarded to last serving LTE cell where the analysis is made. In case of RLF, the eNB receiving the RLF report performs the analysis.
· Scenario (e): UE reconnects to LTE and the RLF report can be retrieved immediately. In case of HOF, the eNB receiving the RLF report performs the analysis. In case of RLF, the RLF report is forwarded to the eNB handling the last serving cell where the analysis is made.
Solution 2 (UE RLF report to 3G and/or LTE depending where UE reconnect after failure)

The UE provides the RLF Report to a 3G or LTE node immediately after reconnection from the failure (or after returning to 3G or LTE, if the reconnection happened at 2G). The problem analysis happens either at the node that received the report and which then informs the node that triggered the wrong HO, or the report is forwarded to the last serving cell for the analysis.

· Scenario (a): The UE re-connects to a 3G cell and it may provide the RLF report to the network. The RNC has to analysis the RLF report and realizes that the last serving cell where RLF occurred was on LTE and sends, by using RIM, the RLF report to the eNB handling the last serving cell for further analysis or performs a more detailed cause analysis itself and informs the LTE node about the problem. 

· Scenario (b): When the UE re-connects after the failure to a 3G cell, it provides the RLF report to the RNC has to analysis the RLF report and realizes that the last serving cell where RLF occurred was on LTE and sends, by using RIM, the RLF report to the eNB handling the last serving cell for further analysis which in turn realizes that 3G was responsible and has to send back analyzed problem indication via RIM to 3G or RNC is able to perform a more detailed cause analysis itself and realizes that problem was caused by 3G avoiding any inter-RAT message exchange.

· Scenario (c): Since UE reconnects to LTE after RLF, same as described under solution 1..

· Scenario (d): Since UE reconnects to LTE after RLF, same as described under solution 1.

· Scenario (e): Since UE reconnects to LTE after RLF, same as described under solution 1 

Solution 3 (Detection at BSC/RNC)

The existing signaling enables BSC/RNC to recognize the UE as the one that recently was handed over to LTE. Therefore, only for failure scenario (b) in case of HOF (or eventually for scenario (d) provided that LTE dwell time analysis can be resolved), when the UE re-connects after the failure to a 3G cell, the BSC/RNC can verify the UE has spent short time in LTE and thus recognize a possible problem.

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)

After the failure, the UE performs initial analysis of the problem and makes the RLF Report available in the RAT where the cell that issued the last HO command belongs to, once the UE returns there. The analysis of the RLF report and identification of the failure type happens there either at the node that received the report or at the last serving node. The controller of the cell with wrong HO setting is informed, if needed:

· Scenario (a): via X2/S1 (same as solution 1), if the last HO was in LTE; otherwise via RIM.
· Scenario (b): no need to inform the controller (same as solution 3)

· Scenario (c): no need to inform the controller, if the last HO was in 3G; otherwise via RIM.
· Scenario (d): via X2/S1 

· Scenario (e): no need to inform the controller

Below table summarizes how each of the methods addresses the selected failure scenarios:

	
	Solution 1-A
	Solution 2
	Solution 3
	Solution 4

	a)
	X
	X
	
	X

	b)
	X
	X
	X
	X

	c)
	X
	X
	
	X

	d)
	X
	X
	
	X

	e)
	X
	X
	
	X


2.3 Solution comparison

The solutions may be compared according to following criteria:

· Intra-LTE signaling:
what intra-LTE signaling is needed and over which interfaces?
· Inter-RAT signaling:
is inter-RAT signaling needed and is it a single message, or a sequence of messages?
· Impact on 2G/3G:
what is the impact of MRO-related protocols and algorithms on 2G/3G controllers?
· Cross-RAT config:
does MRO algorithm need to know time thresholds and other cell-specific information concerning cells that are not under the node’s control?

· Delay:
is there a delay in reporting due to storing information on UE side (note: delay due to even analysis and signaling should be neglected)?

· Other scenarios:
what is needed to adapt mechanism designed for problems a or b so that it can support also problems c-e

· UE impact:
to be assessed in RAN2

Solution 1 A
	
	Intra-LTE signaling
	Inter-RAT signaling
	Impact on 2G/3G
	Cross-RAT config
	Delay
	Other scenarios
	UE impact

	a)
	RLF indication
	No
	No
	No
	Yes
	—
	

	b)
	- / RLF indication
	HO Report 
	HO Report analysis 
	Yes (info on 2/3G timers) – only if scenario (c) is supported
	Yes
	—
	

	c)
	-
	HO Report 
	HO Report analysis 
	Yes (info on 2/3G timers)
	No
	No new mechanisms needed
	

	d)
	- / RLF indication
	No
	No
	Yes (info on 2/3G timers)
	No
	No new mechanisms needed
	

	e)
	- / RLF indication
	HO Report 
	HO Report analysis 
	No
	No
	No new mechanisms needed
	


Solution 2 (UE RLF report to 3G and/or LTE, and analysis performed in the node where failure occurred)
	
	Intra-LTE signaling
	Inter-RAT signaling
	Impact on 2G/3G
	Cross-RAT config
	Delay
	Other scenarios
	UE impact

	a)
	3G
	None /  RLF Indication
	One (RLF Report)
	Yes
	No
	No
	—
	

	
	2G
	RLF Indication

/None
	None/

One (RLF Report)
	Yes
	Yes (info on 2/3G timers)
	Yes
	
	

	b)
	3G
	None
	None (HOF) /

Two (RLF Report & HO REPORT) (RLF)
	Yes
	No
	No
	—
	

	
	2G
	None (HOF)/

RLF Indication (RLF)
	One / Two
	Yes
	Yes (info on 2/3G timers)
	Yes
	
	

	c)
	None
	One (RLF Report)
	Yes
	No
	No
	No
	

	d)
	RLF Indication (HOF)/

None (RLF)
	None (HOF)/

Two (RLF Report & HO REPORT) (RLF)
	Yes
	No
	No
	No
	

	e)
	None(HOF)/

RLF Indication(RLF)
	One

RLF Report (HOF) / HO REPORT (RLF)
	Yes
	No
	No
	No
	


Solution 3 (Detection at BSC/RNC)

	
	Intra-LTE signaling
	Inter-RAT signaling
	Impact on 2G/3G
	Cross-RAT config
	Delay
	Other scenarios
	UE impact

	b)
	No
	No
	Yes
	Yes (info on LTE timers)
	No
	—
	


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)

	
	Intra-LTE signaling
	Inter-RAT signaling
	Impact on 2G/3G
	Cross-RAT config
	Delay
	Other scenarios
	UE impact

	a)
	RLF Indication
	No
	No
	
	Yes
	—
	

	b)
	1) HOF: No

2) RLF: RLF Indication
	No

HO Report
	No

HO Report analysis
	
	No

Yes
	—
	

	c)
	No
	No
	Yes
	
	No
	
	

	d)
	1) HOF: RLF Indication

2) RLF: No
	No

HO Report
	No

HO Report analysis
	
	No

Yes
	
	

	e)
	1) HOF: No

2) RLF:RLF Indication
	No

HO report
	Yes

HO Report analysis
	
	Yes

No
	
	


3 Summary
The paper presents the status of the email discussion on inter-RAT MRO solution. Four such solutions have been identified, of which three provide complete mechanism for detection of defined failure scenarios. Based on selected criteria they have been evaluated. It is proposed that RAN3 takes the results of that evaluation into consideration when deciding which solution to choose.
