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1. Introduction
[bookmark: _GoBack]In the RAN3 #103bis meeting [1], MDT activation in split RAN architecture has been discussed. This paper discusses the remaining issues on MDT activation and reporting in split RAN architecture. It is a resubmission of R3-193053.
2	MDT activation and reporting
In LTE, management-based MDT activation and reporting procedures are summarized according to TS 37.320 [2] and TS 32.422 [3] as follows.
1) EM sends a Trace Session activation message containing the MDT configuration to eNB. 
2) The eNB starts a Trace session and saves the parameters associated to the Trace session. 
3) The eNB shall select UEs for MDT data collection based on user consent allowed indication, area scope in MDT configuration, and UE capability (i.e., MDT capability for Logged MDT).
4) After the UE selection, the eNB assigns a Trace Recording Session Reference corresponding to the selected UEs. 
5) For Logged MDT, eNB sends an MDT configuration in the RRC message LoggedMeasurementConfiguration to the UEs. For immediate MDT, the MDT configuration procedure is based on the RRC measurement procedure.
6) If the MDT anonymization requires the IMEI-TAC in the MDT record, the eNB shall send the Trace Recording Session Reference, Trace Reference, serving cell CGI, and TCE IP address in the CELL TRAFFIC TRACE message to the MME. Then, the MME sends the IMEI-TAC together with the Trace Recording Session Reference and Trace Reference and for immediate MDT also the serving cell CGI to the TCE.
7) For Logged MDT, the UE includes an availability indicator in the RRC message, RRCConnectionSetupComplete or RRCConnectionResumeComplete, to indicate the availability of the MDT data reporting. It is up to the network whether to retrieve the data. During the MDT data retrieve procedure, eNB sends the RRC message UEInformationRequest to the UE, the UE includes the MDT data in the RRC message UEInformationResponse. 
8) For the M1, M8 and M9 measurements in Immediate MDT, the MDT reporting procedure is based on the RRC measurement reporting procedures (i.e., the measured data is included in RRC message, MeasurementReport). M2 – M7 measurements are reported to corresponding layers instead of RRC layer. 
9) When the eNB receives the data collected from the UE or the eNB itself for the corresponding Trace reference and Trace recording session reference, the eNB saves the data into a trace data and reports it to the TCE. 
The table below shows the list of MDT measurements, MDT configuration, and MDT reporting methods in LTE.
	MDT type
	List of Measurements
	Configuration to UE
	Reporting from UE

	Immediate MDT
	M1
	RSRP and RSRQ measurement by UE
	RRC measurement configuration
	RRC measurement reporting procedure, MeasurementReport

	
	M2
	Power Headroom (PHR) measurement by UE
	RRC measurement configuration
	PHR is carried by MAC signalling

	
	M3
	Received Interference Power measurement by eNB
	eNB internal configuration
	eNB internal reporting

	
	M4
	Data Volume measurement by eNB
	eNB internal configuration
	eNB internal reporting

	
	M5
	Scheduled IP Throughput for MDT measurement by eNB
	eNB internal configuration
	eNB internal reporting

	
	M6
	Packet Delay measurement by the UE and by the eNB
	RRC measurement configuration
	RRC measurement reporting procedure, MeasurementReport

	
	M7
	Packet Loss rate measurement by the eNB
	eNB internal configuration
	eNB internal reporting

	
	M8
	RSSI measurement (WLAN or Bluetooth) by UE
	RRC measurement configuration
	RRC measurement reporting procedure, MeasurementReport

	
	M9
	RTT measurement (WLAN) by UE
	RRC measurement configuration
	RRC measurement reporting procedure, MeasurementReport

	Logged MDT
	RSRP and RSRQ
	RRC message, LoggedMeasurementConfiguration
	RRC procedure: UE information procedure


Note: For immediate MDT, the measurements can be any combination of the M1 to M9.

When looking at MDT reporting in NR, we have the following observations for the measurements performed by UE:
[bookmark: _Toc16753938]Power Headroom measurements (M2) from UE are carried by MAC signaling, instead of RRC signalling. Hence, in the NR split RAN architecture, M2 measurements are collected by gNB-DU.

We have the following observations for the measurements performed by RAN:
[bookmark: _Toc16753939]The Received Interference Power measurements (M3) are not reported to RRC layer, see TS36.214. Hence, in the NR split RAN architecture, M3 results are collected by gNB-DU.

[bookmark: _Toc16753940]The data volume measurement (M4), Scheduled IP Throughput for MDT measurement (M5) and packet Loss rate measurements (M7) are not reported to RRC layer and are collected at PDCP/IP layer. Hence, in the NR split RAN architecture, M4, M5 and M7 are collected by gNB-CU-UP.
The MeasResults IE of the RRC message, MeasurementReport, defined in TS 36.331 is shown below:

MeasResults ::=						SEQUENCE {
	measId								MeasId,
	measResultPCell						SEQUENCE {
		rsrpResult							RSRP-Range,
		rsrqResult							RSRQ-Range
	},
	measResultNeighCells				CHOICE {
		measResultListEUTRA					MeasResultListEUTRA,
		measResultListUTRA					MeasResultListUTRA,
		measResultListGERAN					MeasResultListGERAN,
		measResultsCDMA2000					MeasResultsCDMA2000,
		...,
		measResultNeighCellListNR-r15			MeasResultCellListNR-r15
	}																		OPTIONAL,
	...,
	[[	measResultForECID-r9				MeasResultForECID-r9			OPTIONAL
	]],
	[[	locationInfo-r10					LocationInfo-r10				OPTIONAL,
		measResultServFreqList-r10			MeasResultServFreqList-r10		OPTIONAL
	]],
	[[	measId-v1250						MeasId-v1250					OPTIONAL,
		measResultPCell-v1250				RSRQ-Range-v1250				OPTIONAL,
		measResultCSI-RS-List-r12			MeasResultCSI-RS-List-r12		OPTIONAL
	]],
	[[	measResultForRSSI-r13				MeasResultForRSSI-r13			OPTIONAL,
		measResultServFreqListExt-r13		MeasResultServFreqListExt-r13	OPTIONAL,
		measResultSSTD-r13					MeasResultSSTD-r13				OPTIONAL,
		measResultPCell-v1310				SEQUENCE {
			rs-sinr-Result-r13					RS-SINR-Range-r13
		}																	OPTIONAL,
		ul-PDCP-DelayResultList-r13			UL-PDCP-DelayResultList-r13		OPTIONAL,
		measResultListWLAN-r13				MeasResultListWLAN-r13			OPTIONAL
	]],
	[[	measResultPCell-v1360				RSRP-Range-v1360				OPTIONAL
	]],
	[[	measResultListCBR-r14				MeasResultListCBR-r14			OPTIONAL,
		measResultListWLAN-r14				MeasResultListWLAN-r14			OPTIONAL
	]],
	[[	measResultServFreqListNR-r15		MeasResultServFreqListNR-r15	OPTIONAL,
		measResultCellListSFTD-r15		MeasResultCellListSFTD-r15			OPTIONAL
	]],
	[[	logMeasResultListBT-r15				LogMeasResultListBT-r15			OPTIONAL,
		logMeasResultListWLAN-r15			LogMeasResultListWLAN-r15		OPTIONAL,
		measResultSensing-r15			MeasResultSensing-r15				OPTIONAL,
		heightUE-r15						INTEGER (-400..8880)		OPTIONAL
	]]
}
From the above excerpt of 36.331 it can be seen that M1 is reported via measResultPCell, M6 is reported via ul-PDCP-DelayResultList-r13 and M8 and M9 are included in LogMeasResultListBT-r15 and LogMeasResultListWLAN-r15. These measurements are therefore explicitly reported to RRC, i.e. received at gNB-CU-CP.
The following can be observed:
[bookmark: _Toc16753941]Only M1, M6, M8 and M9 measurements are reported to RRC layer by including them in IE MeasResults of RRC message, MeasurementReport.

The above analysis is aimed at showing that, while in LTE all measurements were collected by the eNB, in NR measurements are collected by different RAN nodes. 
Although measurements are “split” between different RAN nodes, and for the purpose of MDT data reporting, there is no need for the gNB-DU to report measurements collected by the gNB-DU to the gNB-CU-CP. For example, reporting data to the gNB-CU-CP from the gNB-DU for M2 measurement unnecessarily increases the signalling overhead between the gNB-CU-CP and the gNB-DU. If the gNB-CU-CP selects multiple UEs served by multiple different gNB-DUs to perform M2 measurements, reporting M2 data to the gNB-CU-CP may increase the gNB-CU-CP workload to handle the coming data reports, which is unnecessary. Moreover, these measurements are pertinent to processes that are purely run at the gNB-DU.
In general, to maintain the measurements collected by each node un-altered and to reduce system complexity, it is proposed that each node collecting measurements reports them directly to the TCE. The TCE will, by means of trace identifiers, be able to collate measurements from different nodes belonging to the same trace.
Based on this discussion and observations, we have the following proposals: 
[bookmark: _Toc16753988]gNB-CU-UP, gNB-CU-CP and gNB-DU shall collect MDT measurements under their responsibility and report the measurements to the TCE according to the configured IP address of the TCE. 
[bookmark: _Toc16753989]Proposal 1 specifies that each RAN node is able to report measurements independently to the TCE. This is because there is a clear distribution of measurements between RAN nodes. Following this logic it is easy to see that the MDT activation procedures captured in TR38.816 for management based MDT are subject to drawbacks. 
[bookmark: _Toc7786970][bookmark: _Toc16753990]In fact, in a multivendor NG-RAN one could have that the gNB-CU-CP, the gNB-CU-UP and the gNB-DU are from different vendors. In such case it is likely that each node will have its own OAM system. In this scenario the EM of the gNB-DU may need to trigger MDT measurements at the gNB-DU in order to monitor the performance of the gNB-DU with respect to served UEs. This action, according to the MDT activation procedures in TR.37.816, is not possible because so far only the gNB-CU-CP is able to trigger managed MDT activation. 
[bookmark: _Toc7786971][bookmark: _Toc16753991]It is therefore proposed that each RAN node’s EM should be capable to trigger MDT measurement collection and reporting for measurements pertinent to the RAN node. In addition the EM of the gNB-CU-CP should be able to trigger MDT measurement collection across all nodes serving selected UEs.
[bookmark: _Toc16753992]It is proposed that each RAN node’s EM should be capable to trigger MDT measurement collection and reporting for measurements pertinent to the RAN node. In addition, the EM of the gNB-CU-CP should be able to trigger MDT measurement collection across all nodes serving selected UEs.

Conclusion

In the previous sections we made the following observations: 
Observation 1	Power Headroom measurements (M2) from UE are carried by MAC signaling, instead of RRC signalling. Hence, in the NR split RAN architecture, M2 measurements are collected by gNB-DU.
Observation 2	The Received Interference Power measurements (M3) are not reported to RRC layer. Hence, in the NR split RAN architecture, M3 results are collected by gNB-DU.
Observation 3	The data volume measurement (M4), Scheduled IP Throughput for MDT measurement (M5) and packet Loss rate measurements (M7) are not reported to RRC layer and are collected at PDCP/IP layer. Hence, in the NR split RAN architecture, M4, M5 and M7 are collected by gNB-CU-UP.
Observation 4	Only M1, M6, M8 and M9 measurements are reported to RRC layer by including them in IE MeasResults of RRC message, MeasurementReport.

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

Proposal 1	gNB-CU-UP, gNB-CU-CP and gNB-DU shall collect MDT measurements under their responsibility and report the measurements to the TCE according to the configured IP address of the TCE.
Proposal 1 specifies that each RAN node is able to report measurements independently to the TCE. This is because there is a clear distribution of measurements between RAN nodes. Following this logic it is easy to see that the MDT activation procedures captured in TR38.816 for management based MDT are subject to drawbacks.
In fact, in a multivendor NG-RAN one could have that the gNB-CU-CP, the gNB-CU-UP and the gNB-DU are from different vendors. In such case it is likely that each node will have its own OAM system. In this scenario the EM of the gNB-DU may need to trigger MDT measurements at the gNB-DU in order to monitor the performance of the gNB-DU with respect to served UEs. This action, according to the MDT activation procedures in TR.37.816, is not possible because so far only the gNB-CU-CP is able to trigger managed MDT activation.
It is therefore proposed that each RAN node’s EM should be capable to trigger MDT measurement collection and reporting for measurements pertinent to the RAN node. In addition the EM of the gNB-CU-CP should be able to trigger MDT measurement collection across all nodes serving selected UEs.
Proposal 2	It is proposed that each RAN node’s EM should be capable to trigger MDT measurement collection and reporting for measurements pertinent to the RAN node. In addition, the EM of the gNB-CU-CP should be able to trigger MDT measurement collection across all nodes serving selected UEs.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref4480706][bookmark: _Ref517363293][bookmark: _Ref1041610]RAN3_103bis_addenda_with_Tdocs20190412_EOM.
[bookmark: _Ref1049183]TS 37.320, Radio measurement collection for Minimization of Drive Tests (MDT), 3GPP, V15.0.0, 2018-07
[bookmark: _Ref1045743]TS 32.422, Telecommunication management; Subscriber and equipment trace; Trace control and configuration management, 3GPP, V15.1.0, 2018-06
