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1. Introduction
Contents of Rel-10 RLF reporting were discussed by email [1]. During the email discussion, NTT DOCOMO commented that information that would help operators to detect coverage holes is sufficient for Rel-10. This paper explains the reason based on failure case analysis.
2. Discussion
A mobility failure event can be classified into the five cases shown in Fig.1.
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Fig.1
Failure cases to be analysed.

For each failure case, several scenarios can be considered as shown in Table 1 depending on the cell where RRC connection is (re)established after the failure (source (Cell A), target (Cell B) or other cell (Cell C)) and whether connection was recovered by RRC or NAS. The likely failure cause and frequency for each subcase are shown in the right most column. The subcases which will likely occur in real networks are shown in orange. The subcases considered to be very rare or negligible are shown in grey. The remaining scenarios (shown in white) may occur but likely to be rare. From the analysis, the following scenarios can be considered as major failure cases:
· Case 1:


RLF
This is due to a coverage hole. As commented in [1], detecting coverage holes is essential in the initial network deployments. Hence, a mechanism to detect this case should be supported. 
· Subcase 2-3, 2-4:

MR transmission failure => RRC connection (re)establishment at the HO target cell

Annex A, Table A1 shows an excerpt of simulation results on mobility performance from [2], which was presented at the beginning of Rel-9. The simulation results show that most of HO failures are due to MR transmission failure. 
· Subcase 4-1:


HO RACH failure => RRC connection re-establishment at the HO source cell

This scenario is considered to be dominant among the cases where an MR is triggered too early. 
Therfore, the following is proposed:
Proposal 1:
Rel-10 RLF report should focus on Case 1, Subcase 2-3, 2-4 and 4-1.
To support these cases, the NW has to distinguish each scenario by the contexts available in the NW and the information obtained from the RLF report. The information required to be reported by an RLF report is analysed below.
To distinguish Case 1 from 2-3/2-4, the NW has to know if an RLF report is due to MR transmission failure or not. This can be done by analysing the measurement results reported by the UE. In Case 1, since the failure is due to a coverage hole, only the measurement result of Cell A will be reported. In addition, the reported cell quality (RSRP/RSRQ) is expected to be quite low. In contrast, in Subcase 2-3/2-4, measurement results of both Cell A and B will be reported. The other required information for Case 1 and 2-3/2-4 is shown in Table 1, the second column from the right. Looking at all information to be reported from UE for Case 1 and 2-3/2-4, they have already been supported since Rel-9 or agreed to include within the scope of Rel-10 RLF reporting in RAN2 (Table 1, 2 and Table 4 Info. 2-1 in [1]).
With regards to Subcase 4-1, since the source cell will receive an RRCConnectionReestablishmentRequest message with the ReestablishmentCause set to “handoverFailure”, the source cell can distinguish this case on its own. Therefore, the following is proposed: 
Proposal 2:
All required information to distinguish the scenarios that will likely occur in practice have already been supported in Rel-9 or agreed within the scope of Rel-10 RLF reporting in RAN2.
The information for SON MRO requested by RAN3 [3] is aimed for detecting Case 5 failures. However, an RLF immediately after HO completition sounds doubtful in real networks, since HO would not succeed in the first place if the radio link had any problems, DL or UL. If we focus on the realistic scenarios as indicated above, additional information for MRO is not needed. Therefore, the following is proposed:
Proposal 3:
The additional information for SON MRO suggested by RAN3 needs not to be supported in Rel-10 RLF reporting. RAN2 should reply to RAN3 by an LS if this is agreeable.

Table 1
Failure case analysis.
	Case
	Failure event
	Cell where RRC connection is (re)established
	RRC re-est. attempt result
	MDT/MRO scenario
	Information to detect failure case [() shows where the information is obtained
	Failure case analysis [() shows subcases]

	1
	RLF
	A
	Re-est. success
	RLF reporting for MDT
	· E-CGI and measurement results of the cell where RLF occurs (UE)
· E-CGI of the cell where RRC connection is (re)established (NW)
· Indication of RLF (UE)
· RRC re-est attempt result (UE)
	(1-1) Coverage hole

	
	
	
	NAS recovery
	
	
	(1-2) Coverage hole

	
	
	B
	Re-est. success
	
	
	(1-3) Coverage hole between same eNB cells

	
	
	
	NAS recovery
	
	
	(1-4) Coverage hole between different eNB cells

	2
	MR transmissin failure
	A
	Re-est. success
	
	· E-CGI and measurement results of the cell where MR transmission attempt was made (UE)
· E-CGI of the cell where RRC connection is (re)established (NW)
· Measurement results of the cell where RRC connection is (re)established (UE)

· Indication of RLF (UE)
· RRC re-est attempt result (UE)
	(2-1) If a failure is due to the max number of RLC retransmissions, Cell A may become the strongest cell, especially CIO is applied to Cell B. 

	
	
	
	NAS recovery
	
	
	(2-2) Since Cell A has UE context, NAS recovery will not occur in typical T311 value (10 s [4]).

	
	
	B
	Re-est. success
	Too Late HO
	
	(2-3) Due to a MR triggered too late, RLF occurs during MR transmission or MR transmission fails after RLC retransmissions.

	
	
	
	NAS recovery
	
	
	(2-4) Due to a MR triggered too late, RLF occurs during MR transmission or MR transmission fails after RLC retransmissions.

	3
	HO Command transmission failure
	A
	Re-est. success
	
	· E-CGI and measurement results of the cell where MR transmission attempt was made (UE)
· E-CGI of the cell where RRC connection is (re)established (NW)
· Measurement results of the cell where RRC connection is (re)established (UE)

· Indication of RLF (UE)
· RRC re-est attempt result (UE)
	(3-1) Since a failure visibule from UE is due to RLF, re-est. attempt to Cell A after the RLF seems to be very rare.

	
	
	
	NAS recovery
	
	
	(3-2) Since Cell A has UE context, NAS recovery will not occur in typical T311 value (10 s [4]).

	
	
	B
	Re-est. success
	Too Late HO
	
	(3-3) Due to a MR triggered too late, RLF occurs before receiving a HO command.

	
	
	
	NAS recovery
	
	
	(3-4) Since Cell B has been prepared for HO, NAS recovery will not occur in typical T311 value (10 s [4]).

	4
	HO RACH failure
	A
	Re-est. success
	Too Early HO
	· E-CGI of the cell where MR transmission attempt was made (UE)
· PCI and EARFCN of the cell where HO RACH attempt was made (UE)
· E-CGI of the cell where RRC connection is (re)established (NW)
· Indication of HO (RACH) failure (UE)
· RRC re-est attempt result (UE)
	(4-1) Due to a MR triggered too early, especially CIO is applied to Cell B.

	
	
	
	NAS recovery
	
	
	(4-2) Since Cell A has UE context, NAS recovery will not occur in typical T311 value (10 s [4]).

	
	
	B
	Re-est. success
	
	
	(4-3) Due to lower signal strength of both Cell A and B at the cell edge.

	
	
	
	NAS recovery
	
	
	(4-4) Since Cell B has been prepared for HO, NAS recovery will not occur in typical T311 value (10 s [4]).

	
	
	C
	Re-est. success
	HO to Wrong Cell
	
	(4-5) UE may select Cell C served by a different carrier than Cell A.

	
	
	
	NAS recovery
	
	
	

	5
	RLF after HO completion
	A
	Re-est. success
	Too Early HO
	· E-CGI of the cell where MR transmission attempt was made (UE)
· E-CGI of the cell where RLF occurs (UE)
· E-CGI of the cell where RRC connection is (re)established (NW)
· Indication of HO completion (NW)
· Indication of RLF (UE)
· RRC re-est attempt result (UE)
	(5) The event where RLF occurs immediately at the target cell after HO completion seems to be very rare.

	
	
	
	NAS recovery
	
	
	

	
	
	B
	Re-est. success
	
	
	

	
	
	
	NAS recovery
	
	
	

	
	
	C
	Re-est. success
	HO to Wrong Cell
	
	

	
	
	
	NAS recovery
	
	
	


NOTE:
The network knows the E-CGI of the cell where RRC connection is (re)established. The source eNB can obtain the E-CGI by the X2 RLF INDICATION message sent from the eNB serving that cell [5].
3. Summary and proposal
In conclusion, the following was proposed:

Proposal 1:
Rel-10 RLF report should focus on the following failure cases.
· RLF due to a coverage hole (Case 1)

· MR transmission failure => RRC connection (re)establishment at the HO target cell (Subcase 2-3, 2-4)

· HO RACH failure => RRC connection re-establishment at the HO source cell (Subcase 4-1)
Proposal 2:
All required information to distinguish the scenarios that will likely occur in practice have already been supported in Rel-9 or agreed within the scope of Rel-10 RLF reporting in RAN2.
Proposal 3:
The additional information for SON MRO suggested by RAN3 needs not to be supported in Rel-10 RLF reporting. RAN2 should reply to RAN3 by an LS if this is agreeable.
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Annex A:
Mobility performance evaluation results
Table A1
Failure/successful mobility event frequency.

	Performance measure
	ISD = 500 m

UE speed = 120 km/h
	ISD = 3,000 m

UE speed = 350 km/h

	Measurement Report transmission failure rate
	[%]
	0.309
	6.206

	
	[/s]
	0.0005
	0.011

	HO Command transmission failure rate
	[%]
	0
	0

	
	[/s]
	0
	0

	HO Complete transmission failure rate
	[%]
	0
	0.3

	
	[/s]
	0
	0.0005

	RLF detection frequency [/s]
	0
	0

	Re-establishment (success) frequency [/s]
	0
	0.001

	NAS recovery (success) frequency [/s]
	0.0005
	0.011

	HO success rate [%]
	99.69
	93.65


Table A2
Simulation parameters [2].

	ISD
	500, 3000 m

	Antenna pattern (vertical) 
	[6]

	Electrical antenna downtilt
	15 deg (ISD: 500 m), 3 deg (ISD: 3000 m)

	UE speed
	120, 350 km/h

	Traffic load (1 = full load)
	0.5 (ISD: 500 m, UE speed: 120 km/h)

0.2 (ISD: 3000 m, UE speed 350 km/h)

	Time to trigger
	320 ms

	Offset
	3 dB

	T310
	1000 ms

	T311
	10000 ms

	L3 filter coefficient
	Fc4

	BLER table
	MR: #RBs = 3, R = 0.31

HO command: #RBs = 18, R = 0.11

	Simulation time
	100 s * 40 UE
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