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1 Introduction

This contribution summarizes all proposed solutions for RLF reporting extension and the conclusions of offline discussion.

2 Open points in Rel-9
In Rel-9, MRO solution covers the following scenarios

· There is RRC Reestablishment procedure after RLF and the procedure is success.

Open points and problems in Rel-9:

· In case of RRC re-establish failure, there is no RLF report. So there is no means to differentiate between MRO and CCO.
· Time information needed for detection of too early / wrong cell HO cannot be measured precisely due to undefined moment the RLF INDICATION is to be sent.
Therefore, extension of RLF reporting in Rel-10 to cover the above open points is necessary.
3 Solutions of RLF reporting extension
According to the agreed way forward (TR 3.023) following information is expected to be needed for R10 MRO:
· E-CGI (1) of the last cell that served the UE (where the RLF happened)

· E-CGI (2) of the cell that the first reconnection attempt (RRC connection re-establishment or RRC connection setup) was made at
· E-CGI (3) of the cell that served the UE before the HO to the last cell

When revisiting the whole scenario, we are not sure if the network still need to know the ECGI (2) since the eNB can know the best cell when RLF according to RLF report.  By comparing the best cell with source cell or target cell, the eNB can differentiate too early, too late or wrong cell HO.
It remains FFS what time information is to be reported and how it is to be used in the network.
In case of connection failure during HO, the UE can’t get ECGI (1). It is FFS whether PCI and frequency of the last cell that served the UE (where the RLF happened) should be necessary.
3.1 Timer information to be reported from the UE
Three solutions were proposed as below.
	
	Pros

	Cons:


	Solution 1 in R3-102811 (NSN):

· Timer between last successful HO and RLF (Time 1-1)
· Timer between RLF and success re-establish/establish (Time 2)
	Timer between RLF and success re-establish/establish can be used for coverage optimisation if coverage hole. 
If the measurements are missing or are otherwise not applicable, the timer may be used to differentiate between causes of the connection failure.
	Wrong root cause detection if there is ongoing HO at the time of RLF (time between last successful HO and RLF is long). ( 

	Solution 2 in R3-102721 (HW) and R3-102710 (CATT):

· Timer between last successful HO and RLF  (Time 1-1)
· Indication of ongoing HO at the time of RLF

	Cover the two scenarios

· Wether failure occure soon after sucessful HO

· Wether failure during ongoing HO

 (
	More information need to be reported from UE. (
This solution need UE report the timer only in case of successful handover.  

	Solution 3 in R3-102710 (CATT):

· Timer between last successful HO and RLF  (Time 1-1)

	In this solution, CATT propose that if there is failure during HO, the time will be not existed in the RLF report. 
	

	Solution 4 in R3-102771 (Samsung):

· Timer between HO trigger and RLF  (Time 1-2)
	Cover the two scenarios

· Wether failure occure soon after sucessful HO

· Wether failure during ongoing HO

 (
Less information over the radio (
	


Example detection of the problems based on the time information reported from the UE (time 1-1 and 1-2):


[image: image1] 
Note: also other algorithms are possible, e.g. enabling detection of some of the problems already in the cell receiving the RLF report. The objective here is to demonstrate an example method to prove the feasibility of the discussed solutions.
3.2 Avoid using multiple RLF indications from the same failure event

The possibility to trigger an RLF indication both at RRC re-establishment and RRC connection setup may create duplicated RLF indications from a single failure event, for the case when the RRC re-establishment is rejected. 

There are two main possibilities:

· Allow multiple RLF indications and merge the RLF indications in the eNB receiving the RLF indications

· Make sure only one single RLF indication is always sent

Multiple RLF indications

Solution 1:  One obvious solution is to store the received RLF indication for a predefined time and wait for a predefined time to allow the combination with a possible second RLF indication. In this case, there is probably a need to provide an identifier to enable the combination of the two RLF indications. This means that the eNB receiving the RLF indication have to store the incoming RLF indications for a while. Note that this also requires the use of an identifier to allow comparison and possibly time information to verify if the storing delay at the eNB has not expired yet. CRNTI (or a new ID) and time 2 may be used for this.

Solution 2:  solution 2 is to assume that the typical MRO solution is based on statistical data (counters). In this solution, when receiving the first RLF (from RRC re-establishment) it is immediately used to increase the associated counters.  In case a second RLF indication is received (including the RLF report), and the eNB receiving the RLF indication judge that this indicates a coverage problem, the associated counter can be reduced. This requires that the second RLF indication contains information on if there was a RRC re-establishment or not, since if there was no previous re-establishment attempt this RLF indication shall be treated as the a RLF indication. It is FFS how the eNB knows there was a RRC reestablishment or not in case of the reestablishment attempt cell and the cell RRC setup successfully are different.
Single RLF indications
Solution 3:  solution 3 is to only send RLF indication at rejected RRC re-establishment, in case we know the UE is not able to send the RLF report from idle. This requires that we include a flag in the RRC re-establishment request indicating that the UE has an RLF report and that he is able to send it also from idle mode. The procedure to avoid multiplication of RLF INDICATION messages would then be as follows:

· If R10 eNB receives and fails re-establishment request from a UE not capable of sending RLF report from idle (for example R9 UE), it sends RLF INDICATION without RLF report. Since the UE is not able to send any RLF indication after idle, therefore there is no risk for duplicate indication.

· If R10 eNB receives and fails re-establishment request from a UE capable of sending the RLF report from idle, it does not sends RLF INDICATION. UE shall report after following RRC connection setup.
Solution 4: solution 4 is to store the RLF indication in the eNB receiving the RLF indication for a certain time, and thereby allow the merge of the duplicate RLF indications by this eNB. The eNB where the UE connects from idle, generates an RLF indication (including the RLF report) and forwards this to the eNB where the re-establishment was attempted. In case the first RLF indication has not yet been sent, the two RLF indications are merged and forwarded to the eNB handling the serving cell before HO. Note that this also requires the use of an identifier to allow comparison and possibly time information to verify if the storing delay at the eNB has not expired yet. CRNTI (or a new ID) and time 2 may be used for this.
Comparison of solutions for avoiding multiple RLF indications from the same failure event

	Solution
	Pros
	Cons

	Merge in eNB receiving RLF indication
	· Requires no assumptions on MRO implementation
	· Need an identifier to enable comparison. Is CRNTI enough? 

· Requires storing in of the RLF indications before using

	Assume counters
	· No need for storing and merging the 1st RLF indication 
	· Assumes a certain MRO implementation (counters)

	Use a flag in RRC re-establishment request
	· No need for storing and merging the 1st RLF indication

· Requires no assumptions on MRO implementation


	· Requires the flag in RRC re-establishment request

	Merge in the eNB where RRC re-establishment occurs
	· Requires no assumptions on MRO implementation
	· Need an identifier to enable comparison. Is CRNTI enough? 

· Requires storing in of the RLF indications before using


3.3 RLF reporting in case of HO failure
There are 2 main cases in which the UE would end up performing a re-establishment:

A:  RLF: 
Main case of RLF is loosing DL synchronisation (T310 expiry), i.e. the UE is loosing overage of the current cell.

B:  Handover failure
The UE is not able to complete the handover to the indicated target cell (more specially the RACH procedure fails and T304 expires).

In Rel-9 we have added a mechanism that the UE can indicate in a re-establishment message whether it has measurement information available from the moment the UE detect the last radio link failure. Then the network can retrieve this information with an information request procedure.

The above measurements are only stored in Rel-9 for case A) above, i.e. not for case B.
It’s RAN3 understanding that UE additional reporting is useful for too early HO/Wrong cell HO detection. 
It is FFS if RAN3 shall inform RAN2 about the RAN3 status and kindly ask RAN2 to extend the framework to cover handover failure case.

4 Conclusion

The following information (in addition to the already defined data in Rel-9) should be reported in the RLF report from the UE after RRC connection setup:

· E-CGI of the last cell that served the UE (where the RLF happened);

· E-CGI of the cell that served the UE before the HO to the last cell; 

· xxx;
· xxx (will be added …)
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