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1. Overview
We provide some simulation results to show examples of the kind of logs that a UE can provide during RLF events. The following topics are addressed in this paper

· Description of logs that can be provided by the UE during RLF and re-establishment or NAS recovery

· Conditions under which the logs should be provided

· Simulation results to show examples of such logs

2. Logs provided by the UE during RLF

The events described here further elaborate on the events described in [1].  A log from the simulation is shown in a later section to further illustrate the information the UE can provide.
2.1. Description of Individual Logs
The report of RLF and subsequent events should consist of a combination of logs of the following individual events. Some of these events may not occur following each RLF (e.g. T311 expiry). The corresponding log should be omitted if the corresponding event did not occur.

2.1.1. Log of RLF Event
This log is created when T310 expires, and includes the following measurements

· RSRP and RSRQ of serving cell and other detectable cells at time T310 started
· RSRP and RSRQ of serving cell and other detectable cells at time T310 expired

· CGI of serving cell

· Position (if known)

This log is useful in the following ways

· Allows determination of the rate of change of signal strength change during the time T310 started and T310 expired. This can help the network, for example, to adjust the value of T310.

· Allows the network to determine if RLF resulted from any cells causing excessive interference or whether it was more of a path loss/coverage issue. 

Proposal 1: It is proposed that the log “RLF event” be included in the set of logs for minimization of drive tests. 
2.1.2. Log of T311 Expiry Event 
This log is created when T311 expires, and includes the following measurements 
· RSRP and RSRQ of detectable cells at time T311 expired

· Position (if known)

This log is useful in the following way

· Allows the network to determine why no suitable cell could be found, i.e. whether it was a coverage related issue, an interference related issue, or some other issue.

Proposal 2: It is proposed that the log “T311 expiry” be included in the set of logs for minimization of drive tests. 
2.1.3. Log of Re-establishment failure event 
This log is created when Re-establishment fails, and includes the following measurements. 
· Reason for failure
· Re-establishment reject from eNB
· Cell no longer suitable
· CGI of cell where failure occurred
· RSRP and RSRQ of cell where failure occurred, and other detectable cells
This log is useful in the following way

· Allows the network to know that though a suitable cell was found, the UE could not complete re-establishment. In particular, the use case “Cell no longer” suitable represents an example of a case when the network had no knowledge of the re-establishment attempt under existing procedures.
Proposal 3: It is proposed that the log “re-establishment failure” be included in the set of logs for minimization of drive tests. 

2.2. Time of Reporting of Logs and Measurements
In some cases the UE enters RRC-Idle state after RLF due to T311 expiry or re-establishment failure. In these cases the UE uses NAS recovery. Cases when this happens are more interesting for network management compared to cases when re-establishment succeeded, for the following reason
· The total delay seen by the user/applications is larger in case NAS recovery is invoked. Such events are among the worst operating cases, and network awareness of this is important to be able to fix the problem. 
Thus, it is proposed that
Proposal 4: The logs defined in proposals 1, 2 and 3 will be possible to report in case of T311 expiry or re-establishment failure.
3. Simulation
The scenario for simulation is somewhat similar to [1]. A hexagonal layout with 1732m spacing between cells (D3) is considered. A coverage hole is introduced at one location in the simulation. The coverage hole is a circle, with coverage loss varying linearly from 0dB at the edge to the maximum loss at the centre of the coverage hole. The UE travels through this coverage hole on a straight line trajectory with fixed speed. The following RLF related events are modelled.

· RLF: T310,  Qin, Qout

· RLF Recovery: T311, Cell suitability check

· Re-establishment:  4-step process success/failure (only Msg 3 and 4 are modelled)
3.1. Results

The following results provide an example of the kind of report that could be obtained by the UE. In this case, it can be seen that the cell first identified by the UE for reestablishment (cell 3) is no longer suitable, causing the UE to enter Idle State. In this case, it is important to report the logged information to the network after the UE is able to connect to the network.
Table 1: Example log for 60 kmph UE Speed
	Time
	Event
	Total Rx power (dB)
	[PCI RSRP RSRQ] of cells

	T=52.22
	T310 Start
	-97.75
	[3, -133.21, -10.06] 
 [18, -143.34, -20.55]

	T=53.22
	T310 Expires
	-98.14
	[3, -139.28, -16.03]

	T=57.45
	Start RACH for reestablishment
	-95.86
	[3, -125.70, -3.11] 
 [1, -132.96, -11.82]

	T=58.24
	Cell no longer suitable
	-96.38
	[1, -128.91, -6.69] 
 [3, -131.51, -9.69]

	UE enters Idle Mode
	
	

	T=58.46
	Start RACH for NAS recovery
	-94.60
	[1, -124.09, -2.58] 
 [3, -130.10, -10.10] 
 [13, -134.06, -14.31]

	T=58.55
	RACH success
	-93.84
	[1, -122.87, -1.86] 
 [3, -130.40, -11.25] 
 [13, -130.78, -11.65]


3.2. Discussion
The simulation results show the rich data that the network can get from the UE, and this data is not available to the network under the current design. In particular, the following points should be noted.
· UE can log signal strength data while it was under RLF or re-establishment
· Signal strength logs present a rich set of data even without position. In the example above, it can be seen that the UE remains out of coverage for several seconds in the region of handover between cells 1 and 3, and the network can adjust the deployment to provide better coverage. 

· UE can log position data (not shown above)
· UE can position itself using GNSS (A-GNSS) and provide the position data for one or more of the log events.
· UE can log OTDOA measurements and report back to the network

· Network based OTDOA can be used to determine position

· If PRS is used, OTDOA remains a good positioning method even in bad coverage scenarios 

4. Summary

The following proposals were made.

Proposal 1: It is proposed that the log “RLF event” be included in the set of logs for minimization of drive tests. 

Proposal 2: It is proposed that the log “T311 expiry” be included in the set of logs for minimization of drive tests. 

Proposal 3: It is proposed that the log “re-establishment failure” be included in the set of logs for minimization of drive tests. 

Proposal 4: The logs defined in proposals 1, 2 and 3 will be possible to report in case of T311 expiry or re-establishment failure.
5. Appendix: Simulation Parameters
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Table 3: Simulation Parameters
	Parameter
	Value

	Physical Layer Parameters
	

	UE Max Tx Power
	24 dBm (no power control)

	Average eNB IoT (other cell)
	7 dB

	Number of UEs in simulation
	1

	eNB N0 (per Hz)
	-168.74 dBm

	DL Power Boost
	6 dB

	UL/DL HARQ Delay (UL and DL)
	8 ms

	HO Request Delay (SR)
	11 ms

	DL Assignment Delay (scheduler)
	4 ms

	Qout
	-8 dB

	Qin
	-6 dB

	Filter for Qin/Qout events
	10ms

	Timer for Qout, and Qin (or alternately, number of consecutive indications in “[]”).
	200ms [20], 100ms [10]

	PDCCH Error rate

(work underway for better modeling)
	0% above -8dB

20% below -8dB

	Measurement sensitivity
	Infinite sensitivity receiver

	Upper Layer Parameters and Model
	

	Measurement Report Msg Size
	200 bits

	Handover command Msg Size
	300 bits

	Measurement Filtering (for RRC trigger, rectangular filter)
	200ms

	Measurement Error
	0

	Time to Trigger (RRC event A3)
	200ms, 0ms

	RRC Filtering Coefficient
	0 (no filtering)

	Hysteresis (RRC event A3)
	1dB

	Backhaul Delay (MRM to HO Command) 
	50ms

	Number of upper layer retransmissions
	4 (total 5 transmissions)

	Call duration (assumed)
	2 minutes

	Cell preparation in case of RLF
	- Source cell always prepared

-Cell that triggered event A3 prepared if MRM success

-All other cells not prepared

	Recovery in case of RLF
	Fixed latency model

-42ms for prepared cell

-142ms for unprepared cell

	T310 and N310
	Modeled with N310=1

	N311
	Modeled  with N311=1

	T310 expiry
	Search for strongest cell modeled, assume zero latency for search

	Hexagonal Layout parameters
	

	Layout
	D3

	Number of cells
	21

	Cells per eNB
	3

	Site to site distance
	1.73km

	Inter-cell Shadow fading correlation
	0.5

	Shadow fading decorrelation distance
	30m

	Shadow fading std. dev.
	8dB

	UE Trajectory
	Straight line fixed speed, along several randomly selected paths

	UE Trajectory length
	20km for each UE speed

	Coverage Hole
	

	Radius
	100m

	Extra path loss at center of coverage hole
	40dB

	Extra path loss profile from edge to center of coverage hole
	Linear

	Mobile Trajectory
	

	Length of trajectory
	1.75km

	Direction
	Bidirectional

	Mobile speed
	60kmph

	Time for one pass of trajectory
	105 seconds

	Time to pass through coverage hole
	6 seconds
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