3GPP TSG-RAN WG2 #106	Tdoc R2-1906894
Reno, USA, 13 – 17 May 2019                                                        (re-submission of R2-1904011)		                
Agenda Item:	11.12.2
Source:	Ericsson
Title:	On Event-based Logged Measurement for MDT in NR
Document for:	Discussion, Decision
1	Introduction
In RAN2 #105, it was agreed that Logged MDT and accessibility measurement should be supported for NR MDT and LTE measurements could be the baseline, as shown below. 
Agreements of NR MDT:
	1.Logged MDT, immediate MDT and accessibility report should be supported for NR MDT. LTE MDT measurements/failures could be the baseline.
	2.Logged MDT should also be supported for RRC_INACTIVE and RRC_IDLE. LTE 
	3.Management based and signalling based trace procedure in LTE can be reused in NG-RAN MDT.
For the Logged MDT in LTE, a UE in RRC_IDLE can be configured to perform periodical DL pilot strength measurements and periodical out-of-coverage detections. There is a single configuration which triggers a UE to periodically perform both out-of-coverage detections and periodical DL pilot strength measurements; and the reserved memory is used for both purposes. 
Furthermore, both the logging of the failed RRC connection establishment, i.e., accessibility measurement, and the out-of-coverage detection can be considered as the event-based logging. 
This paper discusses the basic principles to enhance the periodical logged MDT and the event-based logging for UE in RRC_IDLE or RRC_INACTIVE in NR.
2	Background
2.1 Logged MDT
A UE is configured to perform periodical MDT logging during RRC_IDLE state after receiving the MDT configurations from the network. The UE shall report the DL pilot strength measurements (RSRP/RSRQ) together with time information, detailed location information if available, and WLAN, Bluetooth to the network using the UE information framework when it moves back to RRC_CONNECTED state. The DL pilot strength measurement of Logged MDT is collected based on the existing measurements required for cell reselection purpose, without imposing UE to perform additional measurements. 
Table 1. The measurement logging for Logged MDT
	MDT mode
	RRC states
	Measurement quantities

	Logged MDT
	RRC_IDLE
	RSRP and RSRQ of the serving cell and available UE measurements for intra-frequency/inter-frequency/inter-RAT, time stamp and detailed location information if available.


For Logged MDT, UE receives the MDT configurations including logginginterval and loggingduration in the RRC message, i.e., LoggedMeasurementConfiguration, from the network. A timer (T330) is started at the UE upon receiving the configurations and set to loggingduration (10 min – 120 min). The UE shall perform periodical MDT logging with the interval set to logginginterval (1.28 s – 61.44 s) when the UE is in RRC_IDLE. An example of the MDT logging is shown in the figure below. 

Figure 1. Example of Logged MDT procedure including the out-of-coverage scenario

2.2 Out-of-coverage reporting in Logged MDT 
In Rel-15, An indicator “anyCellSelectionDetected” has been introduced in the existing Logged MDT for out-of-coverage detection in TS37.320. 
When a UE is in RRC_IDLE and performs cell selection and reselection, there are three cell reselection states: “Camped Normally” state, “Any Cell Selection” state and “Camped on Any Cell” state. In the “Camped Normally” state, the UE is camping on a suitable cell and obtain the normal service. The UE performs the periodical MDT logging including the RSRP/RSRQ for the serving cell, the measurements for the neighbor cells if available, the detailed location information if available and time information, etc.
If the serving cell is not suitable and UE could not find any new suitable cells within a pre-defined time window (10 s for E-UTRA), the UE enters “Any Cell Selection” state. In this state, the UE shall attempt to find a suitable cell by following the cell selection process. If failed after a complete scan of all RATs and all frequency bands supported by the UE, it shall attempt to find an acceptable cell of any PLMN to camp on. The UE in this state shall perform logging of available information (i.e. at least indicator “anyCellSelectionDetected” and time stamp) according to TS 37.320. 
2.3 Immediate cell reselection issue
In Rel-15, the cell-specific offsets Qrxlevminoffsetcell and Qqualminoffsetcell have been introduced to resolve the immediate cell reselection issue in NR. The immediate cell reselection issue [3] happens when a UE tries to reselect to a target cell which fulfilling the S criteria defined in TS 38.304 [4] according to the frequency specific Qrxlevmin/Qqualmin in camping cell’s SIB3/4/5 but not fulfilling the S criteria according to the target cell’s cell specific Qrxlevmin/Qqualmin in SIB1. The main reason [3] is that the cell specific Q parameter is much higher than the frequency specific Q parameters.
The cell selection criterion S is fulfilled when:
	Srxlev > 0 AND 
Squal >   0


where:
	[bookmark: _Hlk505630812]Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset )– Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp


where:
	[bookmark: _GoBack]Qrxlevmin
	[bookmark: _Hlk513297296]Minimum required RX level in the cell (dBm). If the UE supports SUL frequency for this cell, Qrxlevmin is obtained from RxLevMinSUL, if present, in SIB1, SIB2 and SIB4, additionally, if QrxlevminoffsetcellSUL is present in SIB3 and SIB4 for the concerned cell, this cell specific offset is added to the corresponding Qrxlevmin to achieve the required minimum RX level in the concerned cell;
else Qrxlevmin is obtained from q-RxLevMin in SIB1 SIB1, SIB2 and SIB4, additionally, if Qrxlevminoffsetcell is present in SIB3 and SIB4 for the concerned cell, this cell specific offset is added to the corresponding Qrxlevmin to achieve the required minimum RX level in the concerned cell.

	Qqualmin
	Minimum required quality level in the cell (dB). Additionally, if Qqualminoffsetcell is signalled for the concerned cell, this cell specific offset is added to achieve the required minimum quality level in the concerned cell.



2.4 Event-based logged measurements for RRC_IDLE UE
There is an event-based logged measurement for UE in RRC_IDLE in LTE, i.e., accessibility measurement. The UE logs failed RRC connection establishments for LTE, i.e. a log is created when the RRC connection establishment procedure fails. The UE logs failed RRC connection establishments without the need for prior configuration by the network. The trigger for creating a log related to a failed RRC connection establishment is for LTE when timer T300 expires.
[bookmark: _Ref178064866][bookmark: _Toc509497794]3	Discussion
This section discusses the disadvantages of the existing out-of-coverage detection (i.e., “anyCellSelectionDetected”) and proposed improvements. Furthermore, the paper also discusses the solutions for operators to reconfigure the corresponding parameters when the immediate cell reselection issue happens. 
3.1 Event-based out-of-coverage detection and reporting
As discussed in Section 2.2, in Rel-15, an indicator “anyCellSelectionDetected” has been introduced in the existing Logged MDT for out-of-coverage detection for LTE. 
After UE being configured with Logged MDT parameters including the loggingDuration and loggingInterval, UE starts the periodical logging when the UE is in RRC_IDLE. 

LoggingDuration information element
-- ASN1START

LoggingDuration-r10 ::=			ENUMERATED {
									min10, min20, min40, min60, min90, min120, spare2, spare1}

-- ASN1STOP

LoggingInterval information element
-- ASN1START

LoggingInterval-r10 ::=			ENUMERATED {
									ms1280, ms2560, ms5120, ms10240, ms20480,
									ms30720, ms40960, ms61440}

-- ASN1STOP

[bookmark: _Toc3851654]In Rel-15, the out-of-coverage detection (i.e., “anyCellSelectionDetected”) was introduced into the existing Logged MDT mechanism, i.e., periodical logging with the configured logging duration and logging interval. 
[bookmark: _Toc3851655]In LTE, there is no starting mechanism at UE for Logged MDT. UE executes the periodical logging when UE is in RRC_IDLE after receiving the Logged MDT configuration. When it is started, UE logs both the DL pilot strength measurements when UE is in Camped normally state and “anyCellSelectionDetected” when UE is in Any Cell Selection state. 

In LTE, UE supports a maximum number of logged measurements (i.e., the periodical MDT logging) entries. When the memory reserved for the logged measurement information becomes full, the UE shall stop the duration timer, T330, and perform the same actions as performed upon expiry of T330, i.e., the UE shall release the configuration. 

-- ASN1START

maxLogMeas-r10				INTEGER ::= 4060-- Maximum number of logged measurement entries
											-- that can be stored by the UE

-- ASN1STOP


[bookmark: _Toc3851656]In LTE, there is a maximum number of logged measurement entries reserved for Logged MDT. If the reserved memory is full, UE stops the logging.  

For the out-of-coverage detection in LTE, the number of the out-of-coverage detection that a UE can log is limited, since UE logs both of the out-of-coverage detections and periodical DL pilot strength measurements using the same configured parameters: logging interval and logging duration; and the reserved memory is used for both of the purposes. The reserved memory can be full due to the records for the DL pilot strength measurements if the logging duration is large, and UE cannot log the events when the duration is expired if the duration is small. 

Figure 2. Example of the limited number of out-of-coverage detection that a UE can record 

[bookmark: _Toc3851657]In LTE, the out-of-coverage detections and periodical DL pilot strength measurements logging are configured with the same logging interval and logging duration; and the reserved memory is used for both purposes. 
[bookmark: _Toc3851658]For the out-of-coverage detection in LTE, the number of the out-of-coverage detection that a UE can log is limited, since the reserved memory can be full due to the records for the DL pilot strength measurements if the logging duration is large, and UE cannot log the events when the duration is expired if the duration is small.
[bookmark: _Toc3851659]If the logging interval is large, e.g., 61.44 seconds, the UE may miss the out-of-coverage events. 



Figure 3. Example of the proposed solution, i.e., UE is configured to only perform the logging for out-of-coverage detection. 



Figure 3 illustrates an example that UE is configured to only perform the logging for the out-of-coverage detection. In this way, the operator can configure UE to report the out-of-coverage detections in a large logging duration.
Based on the above observations and discussions, we have the following proposals. 
1. [bookmark: _Toc4709914]The out-of-coverage detection and logging in NR can be configured to be independent of the periodical DL pilot strength logged measurements. 
1. [bookmark: _Toc4709915]For MDT in NR, UE can be configured to only perform the logging for out-of-coverage detection, i.e., UE is not required to log the DL pilot strength measurements if the configuration is only out-of-coverage detection. 
1. [bookmark: _Toc4709916]UE can be configured to start the periodic logging with a configured logging duration and logging interval when the UE enters “Any Cell Selection” state. The UE suspends the logging if the UE enters “Camped on Any Cell” state or finds a suitable cell or the configured logging duration is expired. 
3.2 Event-based immediate cell reselection detection and reporting
As discussed in Section 2.3, two optional cell-specific parameters Qrxlevminoffsetcell and Qqualminoffsetcell have been introduced to resolve the immediate cell reselection issue. However, there are no mechanisms informing operators when the immediate cell reselection problem occurs, so that the operator can configure the Qrxlevminoffsetcell and Qqualminoffsetcell for the concerned cell. Figure 4 illustrates the immediate cell reselection event: a UE is camping on the NR cell; the LTE neighbor cell is suitable according to the parameter Qrxlevmin in SIB5 and other related parameters for S criteria broadcasted in the serving cell; during the cell reselection procedure, UE determines to perform the cell reselection to the LTE cell; however, the LTE cell is not suitable according to the parameter Qrxlevmin in SIB1 and other related parameters for S criteria broadcasted in the LTE cell.

Figure 4. Example of immediate cell reselection event: UE is camping on the NR cell and the LTE cell is a neighbor cell

Therefore, it would be useful if the problem could be logged and reported in the MDT mechanism. We therefore suggest that a UE in RRC_IDLE or RRC_INACTIVE can be configured to log the cell selection/reselection parameters and related information when the immediate cell reselection occurs, so that operator can configure cell-specific parameters with the proper values to resolve the problem. In the example of Figure 4, when the UE reports the immediate cell reselection issue, the operator can configure the Qrxlevminoffsetcell (i.e., q-RxLevMinOffsetCell) in the SIB 5 of the NR cell to ensure the Qrxlevmin which is q-RxLevMin + q-RxLevMinOffsetCell is greater than Qrxlevmin according to SIB 1 in the LTE cell. 

1. [bookmark: _Toc4709917]In Rel-16, UE can be configured to log the immediate cell reselection detection events in the MDT mechanism. FFS: whether this log is a separated log from the log for the logged measurements or not.
1. [bookmark: _Toc4709918]The UE stores the following information related to the immediate cell reselection detection events: 
· [bookmark: _Toc4709919]The global cell identity of the serving cell when the event is detected.
· [bookmark: _Toc4709920]The global cell identity of the neighbor cell that the UE attempts to camp on when the event is detected.
· [bookmark: _Toc4709921]The frequency-specific q-RxLevMin/q-QualMin and cell-specific q-RxLevMinOffsetCell/q-QualMinOffsetCell if present broadcasted in the serving cell for the neighbor cell.
· [bookmark: _Toc4709922]The q-RxLevMin/q-QualMin broadcasted in the SIB1 of the neighbor cell.
· [bookmark: _Toc4709923]FFS: whether other information such as location information and time stamp are needed or not.
Conclusion
In the previous sections we made the following observations: 
Observation 1	In Rel-15, the out-of-coverage detection (i.e., “anyCellSelectionDetected”) was introduced into the existing Logged MDT mechanism, i.e., periodical logging with the configured logging duration and logging interval.
Observation 2	In LTE, there is no starting mechanism at UE for Logged MDT. UE executes the periodical logging when UE is in RRC_IDLE after receiving the Logged MDT configuration. When it is started, UE logs both the DL pilot strength measurements when UE is in Camped normally state and “anyCellSelectionDetected” when UE is in Any Cell Selection state.
Observation 3	In LTE, there is a maximum number of logged measurement entries reserved for Logged MDT. If the reserved memory is full, UE stops the logging.
Observation 4	In LTE, the out-of-coverage detections and periodical DL pilot strength measurements logging are configured with the same logging interval and logging duration; and the reserved memory is used for both purposes.
Observation 5	For the out-of-coverage detection in LTE, the number of the out-of-coverage detection that a UE can log is limited, since the reserved memory can be full due to the records for the DL pilot strength measurements if the logging duration is large, and UE cannot log the events when the duration is expired if the duration is small.
Observation 6	If the logging interval is large, e.g., 61.44 seconds, the UE may miss the out-of-coverage events.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The out-of-coverage detection and logging in NR can be configured to be independent of the periodical DL pilot strength logged measurements.
Proposal 2	For MDT in NR, UE can be configured to only perform the logging for out-of-coverage detection, i.e., UE is not required to log the DL pilot strength measurements if the configuration is only out-of-coverage detection.
Proposal 3	UE can be configured to start the periodic logging with a configured logging duration and logging interval when the UE enters “Any Cell Selection” state. The UE suspends the logging if the UE enters “Camped on Any Cell” state or finds a suitable cell or the configured logging duration is expired.
Proposal 4	In Rel-16, UE can be configured to log the immediate cell reselection detection events in the MDT mechanism. FFS: whether this log is a separated log from the log for the logged measurements or not.
Proposal 5	The UE stores the following information related to the immediate cell reselection detection events:
-	The global cell identity of the serving cell when the event is detected.
-	The global cell identity of the neighbor cell that the UE attempts to camp on when the event is detected.
-	The frequency-specific q-RxLevMin/q-QualMin and cell-specific q-RxLevMinOffsetCell/q-QualMinOffsetCell if present broadcasted in the serving cell for the neighbor cell.
-	The q-RxLevMin/q-QualMin broadcasted in the SIB1 of the neighbor cell.
-	FFS: whether other information such as location information and time stamp are needed or not.
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