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1. Introduction
RAN#84 has agreed the WI [1] on SON/MDT support for NR. In this contribution, we will discuss the support of immediate MDT in NG-RAN according to the agreements and conclusions made in RAN-centric DCU study item.
2. Discussion
2.1
NGAP procedures for Immediate MDT

The NGAP procedures for support of immediate MDT in NG-RAN was discussed in [3]. The procedures for signalling based logged MDT can be reused for signalling based immediate MDT. The proposal is to introduce the MDT configuration parameters IE in the Trace Activation IE in NGAP to support signalling based MDT.
2. 2
Immediate MDT configuration parameters
The parameters of the signalling based immediate MDT configuration in LTE are listed in the following table. We check whether these parameters are needed in NG-RAN or not. 
Table 1  Immediate MDT configuration parameters in TS 36.413
	IE/Group Name
	Range, IE type, and the meaning of IE
	Whether the parameters are needed in NR

	MDT Activation
	ENUMERATED(Immediate MDT only, Logged MDT only, Immediate MDT and Trace,…, Logged MBSFN MDT)
	It is obvious that operators may separately configure immediate MDT, and the operators may also simultaneously configure the immediate MDT and trace.
Therefore, MDT mode configuration shall support immediate MDT only and immediate MDT and trace.

	CHOICE Area Scope of MDT
	
	Four types of area scope are supported for MDT in LTE including cell list, TAC list in serving PLMN, PLMN wide, and TAI list.

In general, those four types of area scope could be reused in NG-RAN.

And the cell based area scope should support both cell list of E-CGI and N-CGI.

	>Cell based
	
	

	>>Cell ID List for MDT
	
	

	>>>E-CGI
	
	

	>TA based
	
	

	>>TA List for MDT
	
	

	>>>TAC
	
	

	>PLMN Wide
	
	

	>TAI based
	
	

	>>TAI List for MDT
	
	

	>>>TAI
	
	

	CHOICE MDT Mode
	
	

	>Immediate MDT
	
	

	>>Measurements to Activate
	BITSTRING
(SIZE(8))

Each position in the bitmap indicates a MDT measurement, as defined in TS 37.320 [31]. 


	A bitmap solution is used in LTE to indicate which measurement is activated for a singling based immediate MDT task.
The first bit represents M1 as defined in TS 37.320, and so on. While the sixth bit is defined particularly to indicate that logging of M1 from event triggered measurement reports according to existing RRM configuration. By this way, measurement reconfiguration over Uu can be reduced.
In general, the same bitmap definition on S1AP can be reused on NGAP. It could be also possible to redefine the meaning that each bit represents, for example, moving the sixth bit with special meaning to the LSB.
However, if bitmap is still used, enough coding space should be reserved beforehand to enable introduce further MDT measurements later on.
Another option is to use separate optional IE for each measurement, like Bluetooth Measurement Configuration for M8 and WLAN measurement Configuration for M9. The benefit is further-proof and simplified tabular encoding.

	>>M1 Reporting Trigger
	ENUMERATED (periodic, A2event-triggered, …, A2event-triggered periodic)
	The operators may want to configure the DL signal quantities reporting parameters in order to control the load of the measurement.

Therefore we think these parameters are needed. The values of these parameters are FFS and pending to RAN2 decision.

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

	>>>CHOICE Threshold
	
	

	>>>>RSRP
	
	

	>>>>>Threshold RSRP
	
	

	>>>>RSRQ
	
	

	>>>>>Threshold RSRQ
	
	

	>>M1 Periodic reporting
	
	

	>>>Report interval
	
	

	>>>Report amount
	
	

	>>M3 Configuration
	
	This parameter is needed. The values is FFS and pending to RAN2 decision.

	>>M4 Configuration
	
	This parameter is needed. The values is FFS and pending to RAN2 decision.

	>>M5 Configuration
	
	This parameter is needed. The values is FFS and pending to RAN2 decision.

	>>MDT Location Information
	BITSTRING(SIZE(8))


	This parameter is needed for each MDT measurement. An enumerated IE seems more readable.



	>>M6 Configuration
	
	This parameter is needed. The values is FFS and pending to RAN2 decision.

	>>M7 Configuration
	
	This parameter is needed. The values is FFS and pending to RAN2 decision.

	>>Bluetooth Measurement Configuration
	
	This parameter is needed. The values is FFS and pending to RAN2 decision.


	>>WLAN Measurement Configuration
	
	This parameter is needed. The values is FFS and pending to RAN2 decision.

	>Logged MDT
	
	

	……
	……
	

	Signalling based MDT PLMN List
	MDT PLMN List

9.2.1.89
	It was agreed in TR 37.816 that Signalling based immediate MDT continuity could span PLMNs within MDT PLMN list in NR. Therefore we think this parameter is needed.


According to the analysis in the above table, most of the signalling based immediate MDT configuration parameters can be reused. But the tabular structure and ASN.1 encoding could be simplified.
Proposal 1: Signalling based immediate MDT configuration includes following parameters:

· MDT mode configuration: immediate MDT only, immediate MDT and trace;
· Area scope of MDT, inculding cell list of E-CGI or N-CGI, TAC list of serving PLMN, TAI list, and PLMN wide;
· Measuremtns to Active, defining separate optional IE for M1 ~ M9 insteand of bitmap. Detailed configuration paramters for each measurment are FFS and pendig to RAN2 decision;
· MDT location information, enumarated type;
· Signaling based MDT PLMN List.
In NR, according to the TR 37.816 [2], RAN2 has agreed that the measurement quantities of immediate MDT should consider both cell-level RSRP/RSRQ/SINR. In R15, the RRM measurements supports the even-triggered measurements based on SINR. Therefore we think the threshold of event-triggered measurements should include the threshlod of SINR.
Proposal 2: To introduce the threshold of SINR for the event-triggered measurement. 
M6 refers to the Packet Delay measurement, separately for DL and UL. In LTE, The UE shall report UL PDCP SDU queuing delay as the ratio of SDUs exceeding the configured delay threshold and the total number of SDUs received by the UE during the measurement period.
However, in NR,  RAN2 has agreed that UE reports the UL delay value rather than the ratio in LTE. Therefore, the configuration of UL delay threshould for M6 may not needed for immediate MDT in NR.
Proposal 3: The UL delay threshold configuration for M6 is not needed for signalling based immediate MDT in NR.  
2.3
User consent

The user consent handling for support of immediate MDT in NG-RAN was discussed in [3].  For signalling based immediate MDT, it is at HSS where the user consent is collected and verified. NG-RAN receives the signalling based MDT configuration from the AMF only when the operators has collected and verified the user consent.
For management based immediate MDT, the processing in LTE can be reused. NG-RAN receives the management based MDT allowed information in the Initial Context Setup Request message. The management based MDT allowed information includes the Management Based MDT Allowed indication and optionally the Management Based MDT PLMN List.

The management based MDT allowed information is propagated from the source NG-RAN to the target NG-RAN during Xn handover and Retrieve UE Context. The source NG-RAN does not need propagate the management based MDT allowed information during NG handover. The AMF directly sends the information to the target NG-RAN. 
2.3
Anoymization of MDT data for management based immediate MDT
The anoymizatio of MDT data for immediate MDT in NG-RAN was discussed in [3]. The proposals for logged MDT can be applied to immediate MDT as well. The OAM sends the anonymization parameter to the NG-RAN node and the NG-RAN node sends the privacy indicator to the AMF in the Cell Traffic Trace message.
2.4
MDT Context handling during handover
In LTE, the immediate MDT configuration configured by management based MDT will not propagate during handover because the target node will configure the MDT according to the configuration received from the OAM. 
In LTE, for the signalling based immediate MDT configuration received from CN, the configuration for a specific UE will propagate during intra-PLMN handover, and may propagate during inter-PLMN handover if the Signalling Based MDT PLMN List is available and includes the target PLMN. For X2 based handover, the source node need inform the target node of the immediate MDT configuration. For the S1 based handover, the source node does not need propagate the signalling based MDT configuration parameters to the target node. The target node directly receives the signalling based MDT configuration from the CN.
In NG-RAN the same handing can be reused.

Proposal 4: The management based immediate MDT configuration parameters will not propagate during handover.

Proposal 5: For Xn based handover, the signalling based MDT configuration parameters received from the CN is propagated from the source node to the target node in the Handover Request message. 
Proposal 6: For the NG based handover, the source node does not need propagate the signalling based MDT configuration parameters to the target node. The target node directly receives the signalling based MDT configuration from the CN in the Handover Request message.2.6
Immediate MDT in CU-DU architecture
According to the agreements of RAN3, when the CU-CP receives the MDT measurement configuration from AMF/OAM, the CU-CP may further decide which DU or which CU-UP to perform the MDT measurement. For some measurement (e.g. the latency measurement), the CU-CP may need to split the measurement into different measurements performed in different nodes.

TR 37.816 captures the measurements for immediate MDT agreed by RAN2. Although the definition of those MDT measurements are still FFS, a brief analysis on F1 or E1 is given below.
	Immediate MDT measurements
	Impact on F1 or E1

	DL signal quantities measurement results (M1)
	It is measured by UE and reported to the network via RRC. Therefore there is no impact on F1 and E1 interfaces.

	PHR(M2)
	It is measured at MAC layer of UE and reported by MCE to the DU directly. Therefore only DU can collect this measurement. The CU-CP needs to send the measurement configuration od M2 to the DU over F1.

	Received Interference Power measurement(M3)
	It is measured at the PHY layer in DU. Therefore only DU can collect this measurement results. The CU-CP needs to send the M3 measurement configuration to the DU over F1.

	Data Volume measurement separately for DL and UL(M4)
	In LTE, It is measured at the PDCP layer in eNB. And in TS 28.552 SA5 has defined the PDCP PDU data volume and PDCP SDU data volume, both are measured by CU. Therefore the CU-CP needs to send the M4 measurement configuration to the CU-UP.

	Scheduled IP Throughput for MDT measurement separately for DL and UL(M5)
	In LTE, this measurements involves the PDCP/RLC/MAC layer. And also SA5 has defined a new measurement (i.e. Scheduled IP Throughput separately for DL and UL) which only involves the RLC layer and measured at RLC layer in DU. Therefore, the M5 configuration needs to send to the DU and detailed definitions are pending to RAN2 decision.

	Packet Delay measurement separately for DL and UL(M6)
	The UL delay consists of D1 and D2. D1 is the PDCP queuing delay in the UE and reported to gNB in RRC. D2 is the rest of the delay, including HARQ (re)transmission delay, RLC delay, F1 delay and PDCP re-ordering delay in Gnb, as specified in TR 37.816. There could impact on F1 and E1.
The DL delay includes average delay in DL (e.g. average delay in CU-UP, average delay on F1-U and average delay DL in gNB-DU defined in TS 28.552). 
Therefore the CU-CP needs to send this measurement configuration to the CU-UP and the DU and detailed definitions are pending to RAN2 decision.

	Packet loss rate measurement separately for DL and UL(M7)
	For UL, in LTE, it involves the PDCP layer. And in TS 28.552 SA5 has defined a new measurement (i.e. UL PDCP SDU loss rate) that it is measured in CU/CU-UP. Therefore the CU-CP needs to send this measurement configuration to the CU-UP.
For DL, in LTE, it involves the PDCP/RLC/MAC layer. And in TS 28.552 SA5 has defined two new measurements (i.e. DL PDCP SDU Drop rate in gNB-CU-UP and DL Packet drop rate in gNB-DU). Detailed definitions are pending to RAN2 decision. Therefore the CU-CP may send this measurement configuration to the DU or CU-UP.

	RSSI measurement by UE for WLAN/Bluetooth measurement(M8)
	It is measured by the UE. No impact on F1 and E1.

	RTT measurement by UE for WLAN measurement(M9)
	It is measured by the UE. No impact on F1 and E1.


Proposal 7: The CU sends the following measurements’ configuration to DU on F1 in case of immediate MDT:
· Power Headroom (M2), 

· Received Interference Power (M3), 
· Scheduled IP Throughput for DL and UL(M5),
· Packet Delay for UL/DL (M6),
· Packet Loss rate for UL (M7) (FFS). 

Proposal 8: The CU sends the following measurements’ configuration to CU-UP on E1 in case of immediate MDT:

· Data Volume for UL/DL (M4), 
· Packet Delay for UL/DL (M6),
· Packet Loss rate for UL (M7) (FFS). 

For the reporting, the issue is that whether the CU-UP/DU can directly send the results of immediate MDT to the TCE. Some measurements (e.g. packet loss rate, packet delay, received interference power) are measured periodically. If all the measurements results are sent to one entity (e.g. CU-CP), it will increase the load of the F1/E1. Therefore we think that the CU-CP can send the TCE address to the CU-UP/DU and then the CU-CP/CU-UP/DU send the measurement results to TCE directly. 

Proposal 9: CU-CP sends the TCE address to the CU-UP and DU. CU-CP, CU-UP and DU send the MDT measurement results to the TCE directly.
4. Conclusion
In this contribution, we discussed the support of immediate MDT in NG-RAN and have the following proposals:
Proposal 1: Signalling based immediate MDT configuration includes following parameters:

· MDT mode configuration: immediate MDT only, immediate MDT and trace;
· Area scope of MDT, inculding cell list of E-CGI or N-CGI, TAC list of serving PLMN, TAI list, and PLMN wide;
· Measuremtns to Active, defining separate optional IE for M1 ~ M9 insteand of bitmap. Detailed configuration paramters for each measurment are FFS and pendig to RAN2 decision;

· MDT location information, enumarated type;

· Signaling based MDT PLMN List.
Proposal 2: To introduce the threshold of SINR for the event-triggered measurement. 

Proposal 3: The UL delay threshold configuration for M6 is not needed for signalling based immediate MDT in NR.  
Proposal 4: The management based immediate MDT configuration parameters will not propagate during handover.

Proposal 5: For Xn based handover, the signalling based MDT configuration parameters received from the CN is propagated from the source node to the target node in the Handover Request message. 

Proposal 6: For the NG based handover, the source node does not need propagate the signalling based MDT configuration parameters to the target node. The target node directly receives the signalling based MDT configuration from the CN in the Handover Request message.
Proposal 7: The CU sends the following measurements’ configuration to DU on F1 in case of immediate MDT:

· Power Headroom (M2), 

· Received Interference Power (M3), 
· Scheduled IP Throughput for DL and UL(M5),
· Packet Delay for UL/DL (M6),
· Packet Loss rate for UL (M7) (FFS). 

Proposal 8: The CU sends the following measurements’ configuration to CU-UP on E1 in case of immediate MDT:

· Data Volume for UL/DL (M4), 
· Packet Delay for UL/DL (M6),
· Packet Loss rate for UL (M7) (FFS). 

Proposal 9: CU-CP sends the TCE address to the CU-UP and DU. CU-CP, CU-UP and DU send the MDT measurement results to the TCE directly.
The corresponding CRs are provied in [4] ~ [8] in combination with logged MDT.
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