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1. Introduction
In TR 37.816 [1], the general use case and solution of MDT for NR has been described. This paper discusses the overall MDT solution for the technical specification from RAN3 perspective. 
2	RAN3 aspects on MDT in LTE
In general, there are following procedures in MDT: MDT activation and configuration, MDT deactivation, MDT measurements and logging, and MDT reporting. RAN3 is mainly involved in MDT activation/configuration and MDT deactivation.
MDT in LTE can be classified into two main types based on use cases, namely: 
· Management-based (or area-based) MDT: MDT data is collected from UEs in a specified area. The area is defined as a list of cells (UTRAN or E-UTRAN) or as a list of tracking/routing/location areas. The area-based MDT is an enhancement of the management-based trace functionality. Area based MDT can be either a logged MDT or Immediate MDT. 
· Signalling based MDT: MDT data is collected from one specific UE. The UE that is participating in the MDT data collection is specified as IMEI(SV) or as IMSI. The signalling based MDT is an enhancement of the signalling based subscriber and equipment trace. The signalling based MDT can be either a logged MDT or Immediate MDT. 
2.1	MDT activation/configuration
For the activation of management-based MDT, OAM directly sends MDT activation/configuration to the RAN node without S1 or X2 interface being involved. However, during the handover procedure, the MDT activation/configuration needs to be sent to the target eNB via X2 or S1 interface so that the target eNB can configure the UE to perform the immediate MDT. 
For the activation of signaling-based MDT, there are two scenarios for MDT activation. 
· In the first case, MDT is activated in the management system before the UE attachment. After UE attach, a request is received at MME, MME obtains the MDT activation/configuration and then sends the activation/configuration in INITIAL CONTEXT SETUP REQUEST message to eNB via S1 interface. 
· In the second case, MDT is activated in the management system after UE attachment. In this case, OAM activates the MDT in MME, which, then, sends the activation/configuration in Trace Start message to eNB via S1. 
The messages used in the above MDT activation/configuration procedures are: 
· “INITIAL CONTEXT SETUP REQUEST” (TS 36.413)
· “TRACE START” (TS 36.413)
· “HANDOVER REQUEST” via S1 interface (TS 36.413)
· “HANDOVER REQUEST” via X2 interface (TS 36.423)
In LTE, MDT is defined as a part of the Trace function. Thus, the MDT configuration IE is defined in Trace activation IE which may be contained in the messages mentioned for the MDT activation/configuration procedures. Table 1 shows the parameters contained in the Trace Activation. E-UTRAN Trace ID, Trace Collection Entity IP Address, and MDT configuration are used for MDT activation/configuration. 

[bookmark: _Toc1049128][bookmark: _Toc16866309]In LTE, MDT is defined as a part of the Trace function. The MDT activation is integrated in the Trace activation in RAN3 specifications. 

2.2	MDT deactivation
For the deactivation procedure of management-based MDT, OAM directly sends deactivation to the RAN node. 
For the deactivation procedure of signalling-based MDT, OAM directly sends deactivation to the RAN node. In case of an immediate MDT trace session and the UE being in connected mode, the MME shall send trace session deactivation toward the eNodeB. The eNodeB shall deactivate the corresponding MDT RRC measurements in the UE and shall discard the given trace session context. In case of an immediate MDT trace session and the UE being in idle mode, the MME shall silently discard the stored trace session context.
The messages used for the MDT deactivation are: 
· “DEACTIVATE TRACE” (TS 36.413)
If the procedure of either Trace Start for MDT activation or Deactivate Trace for MDT deactivation fails, the RAN node can inform the MME by using the following message:
· “TRACE FAILURE INDICATION” (TS 36.413)
Since the Trace ID can be used to identify the Trace or MDT configuration, the detailed MDT configuration does not need to be included in the Deactivation Trace or Trace Failure Indication Message.  

[bookmark: _Toc16866310]DEACTIVATE TRACE and TRACE FAILURE INDICATION procedures defined in TS 38.413 for the Trace function can be reused for MDT without any additional parameters. 

Table 1: Parameters in Trace activation IE.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	E-UTRAN Trace ID
	M
	
	OCTET STRING (SIZE(8))
	The E-UTRAN Trace ID IE is composed of the following: Trace Reference defined in TS 32.422 [10] (leftmost 6 octets, with PLMN information coded as in 9.2.3.8), and
Trace Recording Session Reference defined in TS 32.422 [10] (last 2 octets).

	Interfaces To Trace
	M
	
	BIT STRING (SIZE(8))
	Each position in the bitmap represents a eNB interface:
first bit =S1-MME, second bit =X2, third bit =Uu:
other bits reserved for future use. Value ‘1’ indicates ‘should be traced’. Value ‘0’ indicates ‘should not be traced’.

	Trace depth
	M
	
	ENUMERATED(
minimum, medium, maximum, MinimumWithoutVendorSpecificExtension,
MediumWithoutVendorSpecificExtension,
MaximumWithoutVendorSpecificExtension, …)
	Defined in TS 32.422 [10].

	Trace Collection Entity IP Address
	M
	
	Transport Layer Address 9.2.2.1
	Defined in TS 32.422 [10].

	MDT Configuration
	O
	
	9.2.1.81
	

	UE Application layer measurement configuration
	O
	
	9.2.1.128
	



Table 2: Parameters in MDT configuration
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	MDT Activation
	M
	
	ENUMERATED(Immediate MDT only, Logged MDT only, Immediate MDT and Trace,…, Logged MBSFN MDT)
	

	CHOICE Area Scope of MDT
	M
	
	
	

	>Cell based
	
	
	
	

	>>Cell ID List for MDT
	
	1 .. <maxnoofCellIDforMDT>
	
	

	>>>E-CGI
	M
	
	9.2.1.38
	

	>TA based
	
	
	
	

	>>TA List for MDT
	
	1 .. <maxnoofTAforMDT>
	
	

	>>>TAC
	M
	
	9.2.3.7
	The TAI is derived using the current serving PLMN.

	>PLMN Wide
	
	
	NULL
	

	>TAI based
	
	
	
	

	>>TAI List for MDT
	
	1 .. <maxnoofTAforMDT>
	
	

	>>>TAI
	M
	
	9.2.3.16
	

	CHOICE MDT Mode
	M
	
	
	

	>Immediate MDT
	
	
	
	

	>>Measurements to Activate
	M
	
	BITSTRING
(SIZE(8))
	Each position in the bitmap indicates a MDT measurement, as defined in TS 37.320 [31]. 
First Bit = M1,
Second Bit= M2,
Third Bit = M3,
Fourth Bit = M4,
Fifth Bit = M5,
Sixth Bit = logging of M1 from event triggered measurement reports according to existing RRM configuration,
Seventh Bit = M6,
Eighth Bit = M7.
Value “1” indicates “activate” and value “0” indicates “do not activate”.

	>>M1 Reporting Trigger
	M
	
	ENUMERATED (periodic, A2event-triggered, …, A2event-triggered periodic)
	This IE shall be ignored if the Measurements to Activate IE has the first bit set to “0”.

	>>M1 Threshold Event A2
	C-ifM1A2trigger
	
	
	Included in case of event-triggered or event-triggered periodic reporting for measurement M1.

	>>>CHOICE Threshold
	M
	
	
	

	>>>>RSRP
	
	
	
	

	>>>>>Threshold RSRP
	M
	
	INTEGER (0..97)
	This IE is defined in TS 36.331 [16].

	>>>>RSRQ
	
	
	
	

	>>>>>Threshold RSRQ
	M
	
	INTEGER (0..34)
	This IE is defined in TS 36.331 [16].

	>>M1 Periodic reporting
	C-ifperiodicMDT
	
	
	Included in case of periodic or event-triggered periodic reporting for measurement M1.

	>>>Report interval
	M
	
	ENUMERATED (ms120, ms240, ms480, ms640, ms1024, ms2048, ms5120, ms10240, min1, min6, min12, min30, min60)
	[bookmark: _GoBack]This IE is defined in TS 36.331 [16].

	>>>Report amount
	M
	
	ENUMERATED (1, 2, 4, 8, 16, 32, 64, infinity)
	Number of reports.

	>>M3 Configuration
	C-ifM3
	
	9.2.1.86
	

	>>M4 Configuration
	C-ifM4
	
	9.2.1.87
	

	>>M5 Configuration
	C-ifM5
	
	9.2.1.88
	

	>>MDT Location Information
	O
	
	BITSTRING(SIZE(8))
	Each position in the bitmap represents requested location information as defined in TS 37.320 [31].
First Bit = GNSS
Second Bit = E-CID information.
Other bits are reserved for future use and are ignored if received.
Value “1” indicates “activate” and value “0” indicates “do not activate”.

The eNB shall ignore the first bit unless the Measurements to Activate IE has the first bit or the sixth bit set to “1”.

	>>M6 Configuration
	C-ifM6
	
	9.2.1.101
	

	>>M7 Configuration
	C-ifM7
	
	9.2.1.102
	

	>>Bluetooth Measurement Configuration
	O
	
	9.2.1.137
	

	>>WLAN Measurement Configuration
	O
	
	9.2.1.138
	

	>Logged MDT
	
	
	
	

	>>Logging interval
	M
	
	ENUMERATED (1.28, 2.56, 5.12, 10.24, 20.48, 30.72, 40.96 and 61.44)
	This IE is defined in TS 36.331 [16]. Unit: [second].

	>>Logging duration
	M
	
	ENUMERATED (10, 20, 40, 60, 90 and 120)
	This IE is defined in TS 36.331 [16]. Unit: [minute].

	>>Bluetooth Measurement Configuration
	O
	
	9.2.1.137
	

	>>WLAN Measurement Configuration
	O
	
	9.2.1.138
	

	>Logged MBSFN MDT
	
	
	
	

	>>Logging interval
	M
	
	ENUMERATED (1.28, 2.56, 5.12, 10.24, 20.48, 30.72, 40.96 and 61.44)
	This IE is defined in TS 36.331 [16]. Unit: [second].

	>>Logging duration
	M
	
	ENUMERATED (10, 20, 40, 60, 90 and 120)
	This IE is defined in TS 36.331 [16]. Unit: [minute].

	>>MBSFN-ResultToLog
	O
	
	MBSFN-ResultToLog
9.2.1.94
	

	Signalling based MDT PLMN List
	O
	
	MDT PLMN List
9.2.1.89
	



3	RAN3 aspects on MDT in NG-RAN
In our view, the MDT should be defined as a part of the trace function, as in LTE. Thus, the MDT activation/configuration can be integrated in Trace activation as in LTE.
[bookmark: _Toc1053943][bookmark: _Toc16866316]For MDT in NG-RAN, the approach in LTE is the baseline to define the MDT activation and configuration in RAN3 specifications.

In TS 38.413 and TS 38.423, the Trace Activation IE has already been defined for Trace function. Table 3 shows the Trace Activation IE which does not contain MDT configuration.

Table 3: Trace Activation IE defined in TS 38.413 and TS 38.423 and proposed MDT configuration
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	NG-RAN Trace ID
	M
	
	OCTET STRING (SIZE(8))
	This IE is composed of the following: 
Trace Reference defined in TS 32.422 [11] (leftmost 6 octets, with PLMN information encoded as in 9.3.3.1), and
Trace Recording Session Reference defined in TS 32.422 [11] (last 2 octets).

	Interfaces to Trace
	M
	
	BIT STRING (SIZE(8))
	Each position in the bitmap represents an NG-RAN node interface:
first bit = NG-C, second bit = Xn-C, third bit = Uu, fourth bit = F1-C, fifth bit = E1:
other bits reserved for future use. Value '1' indicates 'should be traced'. Value '0' indicates 'should not be traced'.

	Trace Depth
	M
	
	ENUMERATED (minimum, medium, maximum, minimumWithoutVendorSpecificExtension,
mediumWithoutVendorSpecificExtension,
maximumWithoutVendorSpecificExtension, …)
	Defined in TS 32.422 [11].

	Trace Collection Entity IP Address
	M
	
	Transport Layer Address
9.3.2.4
	Defined in TS 32.422 [11]

	MDT Configuration
	O
	
	
	



[bookmark: _Toc16866317]RAN3 to define MDT configuration in Trace Activation IE in TS 38.413 and TS 38.423 to support MDT activation and configuration in NG-RAN. The detailed parameters are FFS.
Likewise the following can be deduced for the deactivation procedure:
[bookmark: _Toc16866318]Reuse DEACTIVATE TRACE and TRACE FAILURE INDICATION procedures defined in TS 38.413 for MDT deactivation, without any modifications.

The cell traffic trace defined in LTE contains a privacy indicator for MDT. For the management-based MDT, when the RAN node starts a Trace Recording Session, it assigns a trace recording session reference for the trace. In order to inform the MME about the assigned trace recording session reference, it shall send the allocated Trace Recording Session Reference, and the Trace Reference and the Trace Collection Entity address in the CELL TRAFFIC TRACE message to the MME via the S1 connection. RAN3 can further discuss whether a privacy indicator for Anonymization of MDT data is required to be defined in CELL TRAFFIC TRACE message.
[bookmark: _Toc16866319]RAN3 to discuss whether a privacy indicator is needed for anonymisation of MDT data.

Furthermore, there are some NR specific issues, for example, the MDT activation and configuration in split RAN architecture. We have a separate contribution paper to discuss this issue.
Conclusion

In the previous sections we made the following observations: 
Observation 1	In LTE, MDT is defined as a part of the Trace function. The MDT activation is integrated in the Trace activation in RAN3 specifications.
Observation 2	DEACTIVATE TRACE and TRACE FAILURE INDICATION procedures defined in TS 38.413 for the Trace function can be reused for MDT without any additional parameters.

Based on the discussion in the previous sections we propose the following:

Proposal 1	For MDT in NG-RAN, the approach in LTE is the baseline to define the MDT activation and configuration in RAN3 specifications.
Proposal 2	RAN3 to define MDT configuration in Trace Activation IE in TS 38.413 and TS 38.423 to support MDT activation and configuration in NG-RAN. The detailed parameters are FFS.
Proposal 3	Reuse DEACTIVATE TRACE and TRACE FAILURE INDICATION procedures defined in TS 38.413 for MDT deactivation, without any modifications.
Proposal 4	RAN3 to discuss whether a privacy indicator is needed for anonymisation of MDT data.
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